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The report submitted herewith is a partial fillflllment of some personal ambitions as well as a programed 
work assignment. The study was formally proposed in 1964, although some preliminary thought and exploration 
had been devoted to the problem previously. T. C. Hopkins, obtained his B.S. degree from U.K. in 1964; he had 
participated in the Department's scholarship program as an undergraduate and had subsequently worked part-time in 
the Division of Research. After graduation, he elected to take graduate work in Soil Mechanics and continued 
part-time in the Research Laboratory. He completed the requirements for the Masters degree in 1966 •• excepting his 
thesis. In the interim, he has contributed significantly to various investigations of landslides, settlement analyses, and 
slope-stability analyses. His on-going assignment has been the subject now covered by his report. I have given him 
permission to submit the information to the University as his thesis and thereby to complete the requirements for 
the Masters degree. 
The report is very comprehensive and presents a scholarly approach to a challenging problem. It does not 
provide a discrete solution but does prove beyond reasonable doubt that settlement within the foundation soil under 
an approach embankment can cause the "bump". Although this was not a mere intuitative notion at the beginning, 
it is shown in this report to be confirmed by measurements. Beyond that, there is shown to be a more irksome 
possibility of consolidation within the embankment itself. Th.is possib.il!ty coUld and probably should be eliminated 
by employing additional requirements for compaction and embankment constmction. To attempt to prevent 
settlement in the foundation soil when it extends to great depths woUld be altogether impractical. Settlement in fill 
sections, whether at bridges or elsewhere, i.s a natural consequence of loading the foundation soil. I suspect that 
some instances where abutments have closed against the bridge ends could be explained by settlement .. that is, a 
vectoral deflection of the downward movement toward the unrestrained end of the embankment. 
As mentioned in the report, advance construction of embankments has been used effectively In instances 
where considerable settlement was anticipated. Even so, some residual settlement must be expected. At this stage, 
we are reluctant to propose a specific plan for re-leveling the approaches. We have considered using reinforced 
concrete approach slabs and have made some preliminary design calculations for an experimental installation. This 
type of slab might be used in conjunction with a cambered approach grade to compensate for residual settlement 
beyond the end of the special slab .. thereby ellminating the possibility of merely relocating the "bump". Of course, 
the success of such a scheme would depend on the accuracy in estimating the residual settlement. Even a slight 
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excess of camber ··leaving a residual there ·· would probably be more tolerable than the bump at the bridge. More 
specific recommenda !ions will be forthcoming. · 
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INTRODUCTION 
The nature and causes of the differential settlement between a bridge deck and the adjoining highway 
pavement have been studied by only a few investigators. Highway engineers often attribute this fault in the 
riding surface to the settlement of the embankment because of the improper placement and compaction of 
material in the approach embankment. Although there exists suggestive evidence that this condition 
produces the bridge approach fault, no conclusive evidence has been presented which shows this to be the 
primary source of settlement. Jones (1), Bishop (2) and Deen (3) suggest that differential settlement 
between the bridge deck and approach pavement may be due in part to volume change of the embankment 
and in part to consolidation of the embankment foundation. According to Jones, the approach defect is 
often built in -- that is, the profile of the approach pavement does not fit smoothly with the profile of the 
bridge deck. 
Differential settlement between the highway pavement and bridge deck (see Figure I) not only 
presents a hazardous condition to rapidly flowing traffic but creates a rough and uncomfortable ride. In 
addition, these surface faults require costly maintenance which usually involves either mudjacking or 
patching the approach pavement; where a heayy traffic flow exists, this maintenance operation may tend to 
impede normal flow. Moreover, settlement of bridge approaches adversely affects the durability of road and 
structure. With increasing construction of modern, high-speed highways, the problem has become more 
evident -- at least to an extent that highway engineers are looking for ways and means of eliminating or 
minimizing the effects of these undesirable conditions at ends of bridges. 
The major objectives of this study were to investigate factors which may be responsible for settlement 
of the pavement at bridge abutments and to explore ways and means of eliminating, or minimizing, these 
hazardous, costly and undesirable defects. Complementary objectives were development and perfection of a 
mnltipoint, mercury-filled, settlement gage used for measuring settlement of approach embankment 
foundations and the comparison of predicted and observed time-settlement relationships of selected 
approach embankment foundations so as to provide a basis for establishment of analysis procedures and 
design criteria. 
This study has been divided into three phases: I) a preliminary survey of existing bridge approaches, 
2) measurement of settlements ot approach embankments and foundations at selected bridge sites, and 3) 
incorporation of special experimental design and construction features at selected bridge sites. 
Data obtained from a preliminary survey of existing bridge approaches, conducted in the summer of 
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1964, have provided general information as to the prevalence of this problem in Kentucky. In addition, 
these data imply there is a relationship between development of the approach fault and such possible 
causative factors as the type of abutment and geological and soil conditions. In order to determine if the 
number of defective bridge approaches has increased since 1964, a follow-up survey of the same approaches 
will be conducted. Such information coupled with known conditions at any particular bridge approach 
should be valuable in assessing why some approaches do not fault. 
The major objectives of the second phase, initiated in 1966, were to determine if the settlement at 
bridge abutments is primarily a result of settlement of the embankment and( or) foundation and to compare 
observed and predicted foundation settlements. To achieve these aims, mercury-ftlled settlement gages have 
been installed on the original ground of the approach embankment foundation at four selected bridge sites 
and an embankment site; settlement plates have been installed at one other bridge site. Eventually, 
additional sites will be included in this phase. By continually obtaining elevations of points located on the 
pavement, settlement of the pavement (the total settlement of the embankment and foundation) can be 
obtained. Embankment settlement can be obtained as the difference between the pavement settlement and 
foundation settlement. Undisturbed (Shelby tube) soil samples were collected from the foundation at each 
of the six sites, and consolidation tests were performed on these samples. Using these data and Terzaghi's 
theory of one-dimensional consolidation, expected foundation settlements were cal~.;ulated. 
The primary aim of the third phase will be to incorporate special design and construction features at 
selected bridge approaches and to assess the effectiveness of these features by the procedure outlined in the 
second phase. Since a considerable amount of time will be involved in evaluating the performance of these 
features, Phase 3 will be initiated before completion of Phase 2. 
Results of Phase I and some findings of Phase 2, although incomplete, are presented herein. Included 
in this report is a discussion of the settlement process, as related to settlement of approaches at abutments, 
and a comparison of observed and predicted time-settlement curves. Also presented is a discussion of 
theory, operation, development and performance of multiple-point and single-point, mercury-filled 
settlement gages. 
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REVIEW OF LITERATURE 
Usually bridge abutments, and therefore bridge decks, are founded on relatively stable foundations 
such as rock or point bearing piles to rock, and practically speaking, cannot settle; whereas, the highway 
pavement is located on an embankment and foundation which are potentially free to settle. The extent to 
which either settlement of the embankment or foundation contributes to the approach settlement will 
obviously depend on the particular conditions existing at any given bridge approach. A few such factors 
affecting differential settlement would be type and compressibility of the soil in the embankment and 
foundation, height of the embankment, thickness of the compressible foundation material, and lapse of 
time between completion of the embankment and construction of the approach pavement. Other factors 
may include type of abutment and extent to which compaction of the embankment is in accordance with 
accepted specifications. 
There are a number of different ways in which soil of the approach embankment and foundation can 
settle under imposed loads. These are: 
I. Shear distortion of the soil, 
2. Bearing capacity failure, including partial failure or creep, and 
3. Compression of the soil. 
Distortion settlement is a result of a change in shape of the soil mass under an imposed load, and it is 
often referred to as immediate or initial settlement (not to be confused with immediate or initial 
compression). This type of settlement, emanating from the elastic properties of the soil mass, is relatively 
small when compared to consolidation settlement, and it occurs almost instantaneously after application of 
a load; Hence, this type of settlement will not contribute to the approach settlement problem, since in 
practically all cases there exists an interlude of time between completion of the embankment and 
placement of the pavement. 
Bearing capacity failure, including partial failure or creep (sometimes referred to as plastic flow and 
progressive failure) is a result of soil rupture rather than deflection. The magnitude and rate of settlement 
resulting from this phenomenon cannot be predicted by any rational method. Terzaghi and Peck ( 4 ) 
.ruggest that creep does not become of practical importance until shear stresses exceed roughly half the 
shear strength. However, laboratory tests performed by Tan (cf. 5) demonstrate that creep is initiated at 
much lower stresses. It presently is considered uneconomical to construct highway embankments for a 
factor of safety of 2.0 (shear stress equal half of the shear strength); embankments beving shear stresses 
equal to a value of 0.8 times the shear strength {factor of safety of 1.25) are more common ( 6, 7) . A study 
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by Rutledge (c[. 8) may demonstrate why failures due to rupture do not always occur immediately but 
sometime after completion of construction. His study indicated that, when the velocity of the shearing 
strain was decreased to one-thousandth of the original value, the strength of the soil sample 
(consolidated-undrained tests on remolded Boston blue clay) decreased 16 percent. Terzaghi and Peck (4) 
state that the influence of creep on the average shearing resistance of a clay embankment is not yet known. 
Moreover, according to Leonards (c[. 5) the basic concepts needed to develop a practical design procedure 
to control creep effects are not yet available. Leonarda also notes that some designers assume creep effects 
will not be important, if an adequate factor of safety against rupture is used, while others use a type of 
creep test for evaluating limiting shear stresses in bearing capacity problems. Settlement of the approach 
pavement due to a bearing capacity failure may not be common; however, there are sufficient reasons to 
suspect that creep may, in many cases, contribute to the approach settlement problem. 
In most cases, consolidation accounts for the major part of settlement occurring in soil masses under 
imposed loads. This type of settlement results from a change in the void ratio (and thus a volume change) 
of the loaded soil. Consolidation is time-dependent ·· that is, it does not occur instantaneously, but rather 
begins rapidly and proceeds progressively slower with increasing time. This settlement consists of three 
phases: I) initial, 2) primary and 3) secondary. It should be understood·, however, as noted by Crawford (9) 
that consolidation settlement is a continuous process; and these divisions are merely empirical. 
Whenever a load is applied to a soil mass, initial consolidation occurs almost instantaneously. This 
phase of consolidation is largely a result of the compression of air or gases in the voids of the soil. For 
partially saturated soils, this type of settlement can be an important part of the total; but for saturated soils 
it is relatively small. It is reasonable to assume that the contribution of this phase to the settlement of the 
approach pavement is inconsequential since it occurs before construction of the approach pavement. 
Primary compression, or the hydrodynamic phase, involves a gradual escape of water from voids of the 
loaded soil. The rate of escape of water from the voids, and thus rate of settlement, is controlled by the soil 
properties ·• compressibility, permeability, stress history and void ratio ·· and by the geometry of the soil 
mass. This phase of consolidation probably accounts for most of the total settlement of the embankment 
and foundation for the majority of cases, with the exception of cases where very soft clays exist or where 
creep may occur. For embankments and foundations consisting of granular soils, which may have relatively 
small void ratios and large permeabilities, this phase occurs rapidly and is completed in a matter of a few 
months. Hence, this phase would probably not contribute to development of the approach fault. Where 
silty sand and silt exist, from one to three years may be required for completion of the primary phase. For 
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clays, the time required for completion of priroary consolidation may be several years. Thus, tbe time rate 
of settlement is quite variable for different types of soils. For example, Sowers ( 10) reports that in Chicago, 
underlain by glacial clay, settlements have continued for as long as half a century; while in Atlanta, 
underlain with deposits of sandy silts, settlements are almost complete within a year or two. When several 
years are required for the priroary consolidation phase, settlement of the approach pavement may be 
significantly affected. 
The secondary phase of consolidation is the result of a change in void ratio of a loaded soil after 
dissipation of excess pore pressure. According to Sowers (1 0 ), this phase appears to be due to a plastic 
readjustment of soil particles and absorbed water of a soil mass subjected to a continuously applied stress, 
and it is the result of progressive fracture of the particles. This phase of consolidation becomes more 
evident near tbe end of priroary compression {zero pore pressure). However, according to Schmertmann 
(11), zero pore pressure is neither necessary nor sufficient for secondary compression to occur, but 
secondary effects occur only when the effective stress is constant ·· a condition that can be equated with 
zero pore pressure only when the total stress is constant. Hence, as Sowers notes, some secondary 
compression takes place during the hydrodynamic phase when the applied load is constant; however, it is 
more notable after the hydrodynamic phase is essentially complete. Secondary compression of granular 
soils is relatively small, but it becomes comparable to priroary compression for highly organic or very soft 
clays. This phase is time-dependent in that it generally proceeds slowly. Therefore, where an embankment is 
composed of soft clays or where the foundation contains deposits of soft clay, part of the approach 
settlement may be due to this phase of consolidation. For granular soils, this phase would not be 
significant; hence it would not contribute to the approach fault. 
There are other sources of settlement besides those resulting from 'design' loads applied to the soil 
mass. For instance, settlement of a soil mass may occur due to vibration and snack, heave or swell, and 
shrinkage due to dessication. Vibration and shock induced by traffic, transferred via the bridge and 
abutment to the soil mass iromediately adjacent to the abutment, could possibly be a contributing cause of 
the approach fault. This condition would be more pronounced where the embankment material is 
cohesionless (sand or gravel). Shrinkage of tbe soil mass due to dessication when in cycle with swelling 
would weaken the embankment material. Hence, this situation would make the approach embankment 
material more susceptible to consolidation, partial failure, and erosion. 
Highway engineers discovered early that loosely placed fllh settle significantly ( 12). Terzaghi and Peck 
(4) note that the excavation of natural soil masses and the redeposition of these masses without special care 
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increases average porosity, permeability, and compressibility of the soil; the capacity of these soils to resist 
internal scour is decreased. Consequently, laboratory and field tests, methods of design, and various types 
of compaction equipment have been introduced which supposedly insure proper placement and compaction 
of the fill material and thereby increase the resistance of the fill material to deformation. In 1933 Proctor 
(c[. 12) devised a test procedure for detennining the optimum moisture c.ontent and maximum unit weight 
for a given compactive effort. The Waterways Experiment Station and the Road Research Laboratory ( c[. 
12) studied density gradients for different thicknesses of lifts. These studies show that higher densities 
cannot be obtained throughout relatively thick lifts. As a result, many agencies limit lifts to six inches in 
subgrade and four inches in base courses. However, thicker lifts are pennitted in cohesionless material. 
Reporting on field investigations conducted by the Illinois Division of Highways, Peck and Ireland 
( 13) associate the settlement of bridge approaches to a laxity in enforcement of specifications. They further 
state that improperly placed and compacted backfill next to abutments is commonly associated with 
pavement settlement •· a condition arising from use of poor, locally available backfill material and 
compacting the material in a confined space. Moreover, they indicate that the best fill materials are 
cohesionless soils, such as broken stone, gravel and sand, whereas the poorer backfill materials are cohesive 
soils, such as clays. Similar evidence also has been reported by Jones (1), who investigated bridge 
approaches on four California freeways, crossing partly through an alluvial plain. Results indicate there is a 
relationship between the approach pavement settlement problem and soil type. For instance, this study 
revealed that on one of the freeways crossing an area underlain by coarse, granular material, no approach 
patching had been required. On another freeway, which crossed through regions that contained soils ranging 
from granular to cohesive, approximately 20 percent of the structures had patching at one or both er.ds. 0Q 
a third freeway, which crossed rolling terrain containing clay-filled depressions, approximately 60 percent 
of the structures had approach patching. On the fourth freeway, passing through regions of silt and soft 
clay, 70 percent of the structures reviewed had approach patching. 
The significance of the proper placement and compaction of fill material and use of a good quality fill 
material in minimizing the approach fault has been demonstrated to some extent by the Road Research 
Laboratory. Margason ( 14) reports that an investigation of some bridge approaches on the Maidenhead 
By-Pass demonstrates that it is possible to construct bridge approaches which exhibit little differential 
settlement. He concludes that this may be accomplished by placing a good quality fill material, for instance 
a sandy gravel, on a stable foundation in accordance with existing specifications. 
Other embankment materials which would eliminate, or minimize, the approach fault have also been 
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studied. Margason and Cross (15) compare the performance of a pulverized fuel ash with that of sandy 
gravel. The fuel ash performed as weB as the sandy gravel in providing smooth approaches. More recently, 
McLaren (1 6) has investigated the performance of a medium clay approach embankment. He concluded 
that the medium clay embankment (located on a stable foundation) performed as weB as a number of other 
embankments constructed of a sandy gravel soil; observations made during the placing of nn material 
indicated that the state of compaction and moisture content conformed with specifications. However, 
studies made by these researchers covered a period of Jess than two years after completion of construction. 
Jones observed that bridge approaches he surveyed did not require approach patching until two or three 
years after the road had been opened to traffic. It will be interesting to see what the long-term observations 
of the Maidenhead By-Pass bridge approaches reveal. 
Jones (1) devoted considerable attention to whether closed abutments or open-end abutments are 
more effective in preventing or reducing approach settlement. His investigation showed that more approach 
patching was required for closed-end abutments than for open-end abutments. Jones explains that this 
situation develops because of different construction techniques. For instance, open-end abutments are 
constructed sometime after the approach embankments, whereas closed-end abutments are constructed 
before the approach embankments. In the former case, more time is available before construction of the 
pavement for consolidation of the foundation under the weight of the embankment (and embankment 
under its own weight) than in the latter case. In addition, for the case of open-end abutment, Jess backfill 
material is required than for the closed-end abutment. Hence, there is Jess material to compact with 
mechanical tampers. 
It should be noted that there are different types of closed- and open-end abutments as shown in Figure 
2. The more common type of closed-end abutment used in Kentucky (Figure 2a) is the stub type, while the 
retaining-waH type is less commonly employed. Relatively small embankments are generally associated with 
the stub abutment. For higher embankments open-end abutments, usually a pile-end-bent (Figure 2b), or 
open column (Figure 2c) are used. Therefore, it might be suspected that for stub abutments the approach 
fault would occur Jess frequently than for the open-end types with higher embankments. 
It is important to possess some knowledge of the possible sources of settlement to provide means of 
predicting the magnitude and rate of settlement due to each source. However, only consolidation 
settlement can be predicted with any degree of certainty. 
It is beyond the scope of this report to present a review of Terzaghi's theory of consolidation 
(4,5,8,17,19). Seed ( 19) has presented an exce11ent review of the status of not only Terzaghi's theory but of 
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other proposed consolidation theories. 
Any measure that is used to reduce or eliminate the development of the bridge approach fault mu
st 
necessarily either reduce settlement of the foundation and( or) embankment after the approach pave
ment is 
constructed or make use of some method of bridging the presumed approach depression after it de
velops. 
For example, consider a list of measures that Jones (1) has compiled (listed according to Jones, in ord
er of 
increasing cost): 
I. Use open-end abutments instead of the closed-end type, especially where compressible 
foundation soils exist. 
2. Specify early construction of the embankment approaches in order to allow as much time as 
possible for consolidation of the embankment and foundation before the approaches are 
paved. 
3. Use a good backfdl material. 
4. In the case of bituminous concrete highways, extend the pavement across the bridge deck. 
5. Surcharge the approach fdls. 
6. Make the approach slabs 30 feet in length to eliminate abrupt grade changes by bridging 
depressions near the end of the bridge. 
7. Remove poor underlying material near the ends of the bridge and replace it with good 
material before the fill is constructed. 
8. Lengthen the bridge to reduce the height of the approach fdls. 
Measures 6 and 8 are directed toward bridging the presumed depression at the approaches while the
 other 
measures deal with stabilizing the embankment and foundation before the approaches are paved. 
To summarize, the major portion of approach settlement can probably be attributed, in most cases, to
 
consolidation of the embankment and( or) foundation. Furthermore, the primary and secondary ph
ases of 
consolidation are significant in development of the approach fault when either the embankm
ent or 
foundation contains highly plastic clay; this significance decreases whenever the embankment or foundation 
is composed of silt or sand. Moreover, settlement of the approach resulting from the initial ph
ase of 
consolidation and immediate settlement were considered to be insignificant. Some attention was devot
ed to 
the relative importance of creep and some evidence exists that suggests this phenomenon is imp
ortant in 
some cases, especially where clays are present in the embankment or foundation. In addition, it was no
ted 
that field compaction practices which deviate from accepted field procedures tend to ag
gravate 
development of the approach failure, making the embankment more susceptible to compression and
 creep 
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settlement. Also, swelling, shrinkage, and vibration of soils could, under certain conditions, have some 
influence in development of the approach fault. Hence, an attempt has been made in the previous 
discussion to single out some possible sources of settlement which may bring about development of the 
approach fault. 
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SURVEY OF EXISTING BRIDGE APPROACHES 
A survey, conducted in the summer of 1964, of 782 bridge approaches located on the Western 
Kentucky Parkway; the Mountain Parkway; sections of I 64, l 65 and I 75; the Lexington Relief Route 
{Beltline); and US 41 revealed that 51 percent of these approaches required some form of maintenance. 
Generally, concrete approaches were mudjacked (Figure 3) and bituminous concrete approaches were 
patched (Figure 4) with an asphaltic-aggregate mixture. Locations of the above routes in relation to the 
physiographical, geological, and major soil association areas of Kentucky are shown in Figures 5 and 6. 
The approaches were classified according to one of the following settlement categories: 
Group I Settlement - no maintenance necessary and no approach fault noticeable. 
Group II Settlement- no maintenance performed; however, an approach fault was observed. 
Group Ill Settlement - maintenance performed on the approach. 
The criterion used to distinguish between Groups I and II was whether or not a 'bump' was evident when an 
automobile passed onto or off the bridge deck. Additional information was obtained by visually inspecting 
each approach. Figure 7 summarizes the data, showing the total number and percentage of approaches 
classified in accordance with each settlement group. In addition, the ages (approximate dates opened to 
traffic) of the approaches are shown. The majority of approaches were at least two years old. From these 
data, it is evident that present design and construction procedures are not sufficient to obtain smooth 
bridge approaches. 
Use of mudjacking to raise or lift rigid approach pavements was generally not effective. Mudjacking 
not only cracked the approach slab, but in many cases provided only temporary relief in reducing 
differential settlement between the approach and bridge roadways; differential settlement was not reduced, 
but spread over a greater distance. Hence, sudden profile changes were reduced or eliminated. Of 195 
mudjacked approaches examined, roughly 60 percent were cracked. Cracking of these approaches could be 
attributed almost solely to the mudjacking operation. Moreover, approximately 20 percent of the 
rnudjacked approaches examined were severely cracked, as shown in Figure 8. Many approaches had been 
mudjacked two or three times. Mudjacking appeared successful only when the 01trerentm1 settlement was 
small. Patching to reduce sudden profile changes at approaches appeared somewhat more successful; 
however, this measure had to be repeated two or three times to be effective. 
A comparison of portland cement concrete and bituminous concrete approaches, Figure 9, shows a 
markedly higher percentage of bituminous concrete approaches with patching than rigid approach 
,pavements with mudjacking. In addition there was a much greater percent of smooth approaches (Group D 
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for concrete approaches than for bituminous approaches. Hence, the rigidity of the approach slab may 
reduce occurrence of the approach fault by bridging the presumed depression behind the abutment. 
Generally, the approach fault appeared to be confmed within I 00 feet of the end of the bridge and 
settlement of the approach pavement seldom exceeded six inches. 
Figure I 0 shows the distribution of bridge approaches with respect to the three settlement groups in 
each of the eight physiographical regions of Kentucky. These data show that the best approaches, or the 
lowest percentage of defective approaches, occurred in Regions 4 and 5 (the Western Coal Field). This area 
is a topographic as well as a structural basin; it is a dissected plateau with rolling hills and moderately wide 
valleys. An outstanding feature of this area is the broad alluvial bottoms of larger rivers. A large number of 
approaches studied lie within these recent alluvial deposits. Soils of this area have been formed by 
weathering of sandstone and shales, and large quantities of silts are present. 
The highest percentage of approaches in Settlement Group Ill occurred in Region 7, referred to as the 
Knobs, and Region 8, commonly called the Outer Blue Grass. The Knobs Region is a narrow belt of land 
surrounding the Blue Grass limestone country. The predominate characteristic of this area is the presence of 
conical knobs, erosional remnants of former uplands. Consequently, a rough topography has emerged with 
the major stream beds flat and wide. This area contains large amounts of shale and plastic clays. The 
comparatively impervious and easily eroded shale of the Outer Blue Grass has produced a rough, hilly 
terrain. This region also contains large amounts of plastic clays derived from limestone and shales. 
The next ranking group of approaches with high percentages of Settlement Group Ill was located in 
Region 9, the Eden hill country, followed by approaches located in Region 12, the Eastern Coal Field. The 
Eden hill country (Hills of the Blue Grass) has a rough, hilly terrain with valleys that are narrow, winding 
and entered by numerous streams. Soils of this area have been formed by the decomposition of limestone 
and shales. Hence, the soil is highly plastic and is considered to provide poor pavement support at normal 
moisture contents. The Eastern Coal Field is a region of extremely rough topography containing narrow 
ridges and deep, narrow valleys. Flat lands are at a minimum. However, locally, in areas of shale outcrop, 
numerous bottom lands have developed. Massive sandstones have given rise to local upland flats. Soils 
derived from these sandstones and shales are considered good subgrade material. Soils of this area are 
sinrilar to those of the Western Coal Field. 
The distribution of approaches in Regions 10 and 6 with respect to the three settlement groups are 
markedly sinrilar. Region 10, the Inner Blue Grass area, is a lowland with a gently rolling terrain containing 
many solution channels as well as caves and sinkholes. Rivers in this area have entrenched themselves to 
17 
"' 00
80 
70 
-1-
z 60 
Ul 
(.) 
ffi 50 
a. 
>-
(.) 40 
z 
w 
::l 30 
0 
w 
a: 
... 20 
10 
0 
SETTLEMENT I-n D 
m ,,.,·.·.'·.! 
CLASSIFICATION 
27 
75 
75 
REGION 4 REGION 5 REGION 6 REGION 7 REGION 8 REGION 9 REGION 10 REGION 12 
Figure I 0. Comparison of Bridge Approaches in Eight Physiographical Regions of Kentucky 
depths of 400 to 500 feet. Deep residual soils derived from limeston
e occur in the uplands of this area. 
These soils are well drained, mainly because limestone bedrock allows
 water to escape through the many 
cracks, joints and solution channels. N, a result, the clay soils have 
developed a fragmentary structure. 
When this structure is destroyed, these soils become quite plastic. Reg
ion 6, the Mississippian Plateaus, is a 
rolling upland plain formed from limestone with small local relief. Ex
cept for larger rivers, the drainage is 
underground. The gently rolling topography and lack of surface draina
ge favor the development of thick, 
residual soils, similar to those of the Blue Grass Region. This area con
tains large amounts of highly plastic 
clays. 
From the preceding discussion, there appears to be a relationship betw
een presence of the approach 
fault and different soil types, geological formations, and topography. 
A comparison of the most commonly used types of abutments (see Figu
re 2), with respect to the three 
settlement groups, Figure lla, revealed that the open-column type
 (open-end) was more commonly 
associated with Settlement Group Ill than either the pile-end-be
nt (open-end) type or stub type 
(closed-end). The relationship between average height of embankment,
 average thickness of foundation soil 
and type of abutment with respect to the settlement groups is shown in
 Figures II band c. Notice that stub 
abutments are associated with smoother bridge approaches, smaller a
verage heights of embankment and 
thinner foundation soils. The pile-end-bent abutments had greater a
verage heights of embankment and 
thicknesses of foundation soils than the open-column abutment, but the
 pile-end-bent abutments had better 
bridge approaches. The better performance of approaches located behin
d stub abutments may be attributed 
to smaller settlements associated with shallower embankments and f
oundation soils. The comparatively 
larger time for consolidation before construction of the pavement and
 the need for less hand compaction 
near the abutment may account for better performance of approa
ches associated with pile-end-bent 
abutments than those approaches at open-column abutments. 
In a few cases, there were indications that erosion of soil adjacent to
 the abutment contributed to 
development of the approach fault (Figure 12). In one observed 
case, grouting material from the 
mudjacking operation had effused from underneath the face of the abu
tment. As shown in Figure 13, there 
was an increase in the percentage of repaired approaches when such ero
sion occurred. This type of erosion 
appears to be a result of ground water seepage (including runo
ff from the pavement) as shown 
diagrammatically in Figure 14. Loss of material around the abutmen
t could result in a loss of subgrade 
material and, consequently, cause the approach to settle. 
Other supporting evidence that seepage may, in some cases, result in
 settlement of the approach is 
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presented in Figure 15. A comparison was made among those approaches which sloped toward the 
abutment, those which sloped away, and those which were relatively level with respect to the three 
settlement groups. Those which sloped toward the abutment had a higher percentage of Group Ill 
approaches than the other two categories. Figure 16 illustrates an example of a bridge approach with 
eroded subgrade material. Figure 17 shows a typical case of erosion of the face of the approach 
embankment. 
There was suggestive evidence that progressive failure, or creep, of the approach embankment may, in 
some cases, contribute to development of the approach fault. Figure 18 is a comparison of approach 
embankments with cracked concrete slope protections (see Figure 19), embankments with uncracked 
concrete slope protections, and embankments with no slope protection, suggesting a relationship between 
cracked slope protections and bridge approach settlement. One possible explanation for the cracked slope 
protections could be progressive failure of the embankment, as shown in Figure 20, resulting in a loss of 
subgrade support. In some cases, slope protections appeared to be bulging outward. 
A comparison of those approaches with embankments that appeared to have settled from the face of 
the abutment and those which had not (see Figure 21) revealed that there was a greater percentage of 
Group Ill approaches for the former category. These data are shown in Figure 22. 
Different types of embankments were studied with respect to the settlement groups. These data, 
Figure 23, show that embankments located in valleys of major streams had a much greater percentage of 
Settlement Group Ill approaches than embankments at other locations. Side·hill fdls were considered to be 
those embankments which were generally part fill and part cut. Grade separation embankments were those 
considered to be built-up. It is reasonable to assume that valley fills were located on foundations which 
were thicker than the other types of fills. Hence, these data probably reflect the importance of the 
foundation as a variable in bridge approach settlement. Those faulted approaches with embankments three 
feet or less in height may reflect improper backfill placement and compaction and such other causative 
factors as erosion or swelling and shrinkage. 
A comparison of bridge approaches {four traffic lanes · two bridges), Figure 24, with regard to 
direction revealed only a slight difference in settlement between northbound and southbound traffic 
approaches, and between eastbound and westbound approaches. Furthermore a comparison between entry 
and exit bridge approaches, Figure 25, also showed little difference. Also shown in Figure 25, for the 
purposes of comparison, is the distribution of bridge approaches, located at sites involving only one single 
bridge, with respect to the different settlement groups. 
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At 54 bridge approaches located on I 64 between Frankfort and Louisville, the approach 
embankments were constructed of a special granular fill material extending approximately 20 to 60 feet 
behind the abutments. The special fill was formed and placed around the abutments, primarily open 
column, in accordance with Kentucky Standard Drawing SF-I (see Figure 26). This specification is no 
longer in use. Below original groundline, the special fill consisted of either sand, crushed or uncrushed 
gravel, crushed limestone, crushed sandstone, crushed slag, broken stone from solid rock excavation, or a 
combination thereof and was required to meet the gradation shown in Figure 26. Above groundline, the 
sp..:ial backfill was of a type listed above; however gradation requirements were waived. Whenever crushed 
stone or slag was used, the backfill was formed and compacted by spreading with a dozer or grader blade in 
such manner that voids, pockets and bridging were minimized; the maximum layer thickness did not exceed 
three feet. Whenever sand was used, the backfill was compacted by saturation with water. In this case, the 
layer thickness did not exceed one foot. No stone or fragment of the special fill material was placed within 
one foot of the fmished sub grade elevation. 
The performance of bridge approaches associated with the special granular backfill is shown in Figure 
27 and is compared with bridge approaches on the same route but which were not associated with the 
special backfill. The data show that backfilling behind abutments in a manner specified by Kentucky 
Standard SF-I did not check the development of faulted approaches. Moreover, for cases involving the 
special backfill when compared to cases without the special fill, there was an increase in frequency of 
faulted approaches. 
There was no distinctive reason for failure of the bridge approaches associated with the special fill. 
However, it is suggested that the approaches failed because sufficient time was not allowed for complete 
consolidation of the embankment foundation before paving, and soil particles intruded into the voids of the 
granular backfill material, thereby resulting in a loss of subgrade support. 
In order to prevent the intrusion of soil particles into the voids of the granular backfill, the granular 
material, or a portion of the granular material in contact with the soil, should have satisfied certain filter 
requirements (17) as follows: 
Dt 5 (of Granular Material) < (4 to 5) < 
n85 (of Soil) 
D15 (of Granular Material) 
n15 (of Soil) 
where n15 is the 15 percent size and n85 is the 85 percent size. 
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MERCURY -FILLED SETTLEMENT GAGE 
Construction of highway embankments-on compressible foundations frequently results in settlements 
which can adversely affect the highway pavement and even the stability of the highway embankment 
Therefore, it is important to be able to predict the ultimate settlement and time-settlement relationships. 
Terzaghi's theory of one-dimensional consolidation, with slight modifications, has provided a means for 
making settlement predictions. Equally important is the ability to measure in-place ultimate settlements 
and time-settlement relationships -- and thus to be able to evaluate theoretical predictions. Consequently, 
devices have been developed for measuring the actual settlement of a foundation and( or) embankment. 
Generally, the most widely used devices for measuring in place settlements are settlement platforms and 
hydrostatic gages. 
Settlement plates have been used more extensively than hydrostatic gages. The major disadvantages of 
the settlement plate are: 1) it is vulnerable to damage by the contractor's equipment; 2) it interferes with 
construction of the embankment; 3) backfilling around the riser must be performed using small mechanical 
tampers; and 4) when the embankment height exceeds approximately 15 feet, consolidation of the 
embankment may exert sufficient negative friction on the steel riser to overload the settlement plate, 
resulting in an indication of greater settlement than that which has actually occurred. However, the latter 
disadvantage has been eliminated by development of a sleeve-pipe gage, referred to as a 'cross-arm', by the 
Bureau of Reclamation. Kjellman, Kallstenius and Liljedahl (20) report use of an asphalt coating on the 
pipe riser to overcome negative friction. 
Recently, considerable attention has focused on development of a hydrostatic gage for measurement 
of settlements. Probably one reason for such interest is that this type of gage eliminates the disadvantages 
encountered with settlement plates. One type of hydrostatic settlement gage, Figure 28, was used in the 
Sarno Darn (21) . A component of this gage is a cell positioned where settlement measurements are desired. 
Connected to this cell is tubing leading to an indicator unit situated outside the embankment area. Water is 
poured into the tube at the indicating unit and then flows from the overflow tube in the cell housing 
through a tube connected to the bottom of the housing to the indicator site. When the water reaches 
equilibrium, the levels of water in the tube at the indicator unit and at the overflow are equal, and these 
levels are measured by a scale placed at the indicator unit. To overcome local variations in atmospheric 
pressure and temperature, pressure at the cell and at the measuring device is equalized and temperature of 
the fluid throughout the system is kept constant. Disadvantages of this gage are: 1) the indicator unit must 
to be positioned at a level always lower than the measuring cell, which may be difficult to arrange in some 
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cases, and 2) development of air locks in the system may result in erroneous readings. The latter 
disadvantage can be eliminated by using de-aired water. Furthermore, this method is time-consuming and 
only one point of settlement of the foundation can be obtained per installation. A further development of 
the overflow gage mentioned above has been made by Bergdahl and Broms (22) of the Swedish 
Geotechnical Institute. One advantage of the modified gage is that measurements of settlement at different 
points can be made rapidly with one indicating unit. Moreover, the principle of operation is simple and the 
gage appears to be economical. However, the use of water in the system limits its use -- that is, it cannot be 
used to obtain readings when the temperature is at or below freezing. In addition, corrections must be 
applied to the manometer readings to account for changes in water density with temperature. 
The Division of Research, Kentucky Department of Highways, has been engaged in the development 
of a mercury-filled settlement gage patterned in principle after an earlier model developed by the Road 
Research Laboratory (23) . The original model was capable of measuring only one point of settlement per 
installation. 
THEORY 
The basic elements and theory of operation of the mercury-filled settlement gage are illustrated 
schematically in Figure 29. A piezometer tube, fixed vertically and open to the atmosphere, is connected to 
the bottom of a resevoir. One end of another tube is connected to a tee connection; the other end is 
fastened to the top of the reservoir. An air supply and a manometer are connected to the system at the tee. 
The resevoir is partially filled with mercury through the piezometer tube. When air pressure is applied 
through the tee connection, movement of the mercury can be observed in both the manometer and the 
resevoir. 
Consider the resevoir positioned at Point A and the gage system under atmospheric pressure as shown 
in Figure 29. When pressure is applied, the change in level of the mercury in the piezometer tube will equal 
the pressure head recorded on the manometer. For the case when the mercury is static in both the 
manometer and the piezometer tube, the velocity heads and the sum of all head losses are equal to zero. 
Bernoulli's equation for the manometer reduces to 
~=* I 
Similarity, Bernoulli's equation for the mercury resevoir and piezometer tube reduces to 
H ~ = P/-y 2 
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Figure 29. Illustration of the Basic Elements and Theory of Operation of the Mercury-Filled, Settlement Gage 
H 
__,_ 
where H ~ = initial elevation head of the mercury column in the piezometer tube, 
H
0 
=initial elevation head of the mercury column in the manometer, and 
Ph = pressure head applied to the columns of mercury in the manometer and reservoir. 
Therefore, for static conditions as shown in Figure 29, Bernoulli's equation for the system becomes 
H0 = H~. 3 
Suppose air pressure is released until the system is again under atmospheric pressure, and the reservoir 
is lowered to a new position, Point A '. With the reservoir at this new position, air pressure is applied to the 
mercury column in the piezometer tube until the level of the mercury comes to rest at Point A'. The level of 
mercury in the piezometer tube will again be at Point B, provided the volumes of the piezometer tube and 
mercury remain constant and the densities of the mercury in the manometer and piezometer tube are equal. 
Thus, Bernoulli's equation for this new position is 
H = H'. 4 
The cell is lowered a distance, Hs, from its initial position, Point A, to its new position, Point A', equal to 
the difference between the pressure head, H, as recorded on the manometer with the reservoir at its new 
position, and the pressure head, H
0
, as read from the manometer with the reseiVoir at its initial position. 
Stated mathematically, 
H =H-H =H'-H s 0 0 5 
Modifications of Equation 5 required whenever the volume of the piezometer tubing varies and the 
densities of the mercury in the piezometer tubing and manometer differ will be discussed in the section 
entitled PRACTICAL CONSIDERATIONS. 
SINGLE-POINT GAGE 
The components of the original mercury-filled, settlement gage, capable of measuring settlement of 
only one point, are shown in Figure 30. Nine gages of this type were installed. Basically, thls gage is 
composed of two units: 1) the reservoir unit located at the point where a settlement measurement is desired 
and 2) the monitoring unit situated outside the embankment area. 
The reservoir is essentially a funnel made of a material (plexiglass or stainless steel) resistant to the 
corrosive action of mercury and capable of withstanding pressures developed in the gage system; it serves as 
a retainer for the mercury whenever the gage is not in use and aids in eliminating development of air locks 
in the mercury column. Thls reservoir is closed except for an opening at the bottom and one near the top 
for attaching the tubing. The reservoir is cast in concrete for protection from the embankment. Leading 
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from the reseiVoir to the morutoring unit are two, 1/8-inch outside diameter, plastic tubes. One end of one 
of the 1/8-inch plastic tubes (Tube X) is connected to the bottom of the resevoir by a stainless steel 
coupling and the other end is fixed in a vertical position at the monitoring site. Tube X, which functions as 
the piezometer tube, contains a continuous column of mercury sufficient to more than ffil the volume from 
Point A to Point B. One end of the other 1/8-inch plastic tube (Tube Y), thmugh which air pressure can be 
applied to the mercury in the reseiVoir chamber, is connected near the top of the resevoir with a plastic 
coupling, while the other end is connected through a tee connection to a bottled air supply. The 1/8-inch 
plastic tube (Tube Z) leading from the tee connection to the bottled air supply contains a valve for applying 
air pressure to the system and another tee connector containing a valve for releasing the air pressure from 
the system. A manometer is connected to the other end of the tee connection. 
A wire (Wire I) connects the stainless steel coupling at Point A of the reseiVoir and an ohmmeter 
located at the monitoring site. Another wire (Wire 2) connects the ohrruneter and a stainless steel connector 
at Point B. 
In this original model, the 1/8-inch plastic tubes were protected from the embankment by enclosing 
them in 1/2-inch bore, metal conduit. The conduit was buried in a small trench during installation to 
protect it from equipment. At the monitoring site, the 1/8-inch plastic piezometer tube (Tube X) was 
attached to a l-inch diameter pipe anchored in concrete. Generally, the monitoring site was covered with a 
3-inch diameter protector pipe when not in use. 
MULTIPLE-POINT GAGE 
The components of the multiple-point, mercury-filled settlement gage, capable of measuring several 
points of settlement per installation, are presented in Figure 31. An assembled model of this gage is shown 
in Figure 32. This gage contains two units: I) settlement units located at points where settlement 
measurements are desired and 2) the monitoring unit positioned outside the embankment area. 
Insulated wires - type TW-10- are soldered to the stainless steel connector at each settlement unit 
and are extended from the settlement unit to the ohmmeter located at the monitoring site. The stainless 
steel connectors, inserted into the 1/8-inch plastic tubing (Tube X), are made by boring a solid rod in such a 
manner that the diameter of the bored rod is the same as the inside diameter of the plastic tubing. The 
entire settlement unit is insulated by casting it in a special type of epoxy resin -- a type that has been used 
by this laboratory is referred to commercially as 'Sootchcast 12', a resin used for blocking and splicing 
plastic insulated communication cable. The 1/8-inch plastic tubes are protected from the embankment by 
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Figure 31. Components of the Multiple·Point, Mercury·Filled, Settlement Gage 

encasing them in a 1/2-inch bore plastic tubing. Further protection is provided by burying the 1
/2-inch 
plastic tubing in a shallow trench. When the gage is not in use, plastic Tube Y functions as storage 
for the 
mercury; therefore, the reservoir, which was used in the original gage, has been eliminated from th
is later 
model. 
The make-up of the monitoring unit, see Figure 33, includes a manometer with a resolution of 0.
1 
inch, a 1/8-inch plastic piezometer tube (Tube X) with a stainless steel connector positioned near the lo
wer 
half of this tube, another 1/8-inch plastic tube (Tube Y), a pressure control panel containing an a
rray of 
valves for fine control of applying and releasing nitrogen pressure, and a plexiglass reservoir connect
ed to a 
tee connector and two toggle valves (Nos. 6 and 7) in Figure 31. The manometer is connected to Tub
e Y, to 
the control panel and to the bottled nitrogen supply by means of a tee connector. One end of Tube
 X, the 
piezometer tube, is mounted in a vertical position on a l-inch diameter pipe anchored in concret
e. An 
insulated wire (No. 3) is attached to the stainless steel connector of the piezometer tube and 
to the 
ohmmeter. This connector is usually encased in the special type epoxy resin mentioned prev
iously. 
Mounted on the pressure control panel are an ohmmeter, toggle valve, a quick disconnect, two fme c
ontrol 
pressure-regulating needle valves, an extremely fine pressure control micro-regulating valve, and
 a tee 
cotUlector. The arrangement of the components of the pressure control panel is shown in Figures 3
1 and 
33. When not in use, the monitoring site contains only the two 1/8-inch plastic tubes (Tubes X andY
) and 
these tubes are protected by a 3-inch diameter pipe. 
OPERATION 
The general principle of operation of the multiple-point, mercury-filled (and single-point) settlemen
t 
gage is illustrated diagrammatically in Figure 34. For simplicity, the following discussion involv
es the 
procedure for obtaining gage readings at two of the settlement units; however, the procedure is the sa
me for 
any number of settlement units. 
The manometer, pressure-control panel, and nitrogen tank are transported to each site and attached t
o 
the 1/8-inch plastic Tube Y as shown in Figures 31 and 33. Wire 3 is connected to the ohmmete
r at all 
times during the reading operation. When a reading is desired at Settlement Unit 1, Wire 1 is connec
ted to 
the ohmmeter, and when making a reading at Settlement Unit 2, Wire 2 is connected to the ohmmete
r. The 
electrical system is used to locate the end of the mercury colunm in Tube X with respect to the settl
ement 
units. Figure 34b and c illustrates the reading operation of Settlement Unit 1, and Figure 34d 
and e 
illustrates the reading operation for Settlement Unit 2. 
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Figure 33. Components of the Monitoring Site 
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(a) GAGE tS AT ATMOSPHERIC PRESSURE 
(b) PRESSURE IS APPLIED TO GAGE SYSTEM; OHMMETER NEEDLE 
DEFLECTS; MERCURY COLUMN LEAVES SETTLEMENT UNIT I ; 
OHMI!IETER LOSES DEFLECTION; PRESSURE APPLICATION IS 
CONTINUED UNTIL MERCURY LEVEL RISES A FURTHER I TO 2 
INCHES IN VERTICAL PIEZOMETER TUBE. 
(c) PRESSURE IS GRADUALLY RELEASED UNTIL THE MERCURY 
LEVEL IN VERTICAL PIEZOMETER TUBE IS JUST VISIBLY 
FALLING; WHEN OHMMETER NEEDLE DEFLECTS, TOGGLE 
VALVE IS CLOSED; MANOMETER IS READ. 
(d) AN AMOUNT OF MERCURY REACHING FROM UNIT I TO 2: IS 
BLED INTO RESERVOIR 1 OHMMETER LOSES DEFLECTION ; 
PRESSURE APPLICATION IS DISCONTINUED. 
(e) PRESSURE IS GRADUALLY RELEASED UNTIL THE MERCURY 
LEVEL IN VERTICAL PIEZOMETER TUBE IS JUST VISIBLY 
FALLIIIIMI; WHEN OHMMETER NEEDLE DEFLECTS, TOGGLE 
VALVE IS CLOSED; MANOMETER IS READ. 
Figure 34. Dlustration of the Principles of Operation of the Multiple-Point, Mercury-Filled, Settlement Gage. 
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To obtain a reading, pressure is applied to the mercury columns in the manometer and Tube X by 
closing Valve I and opening Valves 3, 4, and 5. When the level of the mercury column makes contact with 
the stainless steel connector of the piezometer tube, the needle of the ohmmeter deflects indicating that the 
electrical circuit -- the stainless steel connector of the piezometer tube - mercury - stainless steel connector 
of Settlement Unit I · Wire I - is closed. As the level of the mercury column continues to rise in the 
piezometer tube, the needle eventually deflects to zero, indicating the above circuit is open. More 
importantly, the hidden end of the mercury column in Tube X has passed the stainless steel connector of 
Settlement Unit I. Application of pressure to the mercury column in Tube X is continued until the level of 
mercury in the piezometer tube rises an additional one or two inches; it is discontinued at this point by 
closing Valves 3 and 4. 
The pressure is released from the system at such a rate that the level of the mercury column in the 
piezometer tube is just visibly falling. This is executed by manipulating Valves I and 2, the fme 
pressure-control needle valve and the micro-regulating valve, respectively. Release of pressure is terminated 
at the exact instance the needle of the ohmmeter deflects (indicating that the end of the mercury column in 
Tube X has just made contact with the stainless steel connector of Settlement Unit I) by flipping (closing) 
the toggle valve (No. 5). Hence, the pressure head read on the manometer is equal to the pressure head of 
the system. 
Reading of Settlement Unit 2 is identical to the procedure as described above for Unit I, with the 
exception that the amount of mercury in Tube X reaching from Unit 1 to Unit 2 must be removed from the 
system by closing Valve 7, opening Valve 6 (toggle valve), and bleeding mercury into the plexiglass 
reservoir. The flow of mercury is discontinued when the ohmmeter needle deflects to zero by closing Valve 
6. Then, pressure is released and Valve 7 is opened; hence the mercury column is adjusted in the piezometer 
tube and the system is open to the atmosphere. 
Before construction of the embankment commences, an initial reading, H
0 
is obtained and the 
elevation of the level of mercury in the piezometer tube, Figure 34, is marked permanently on a l-inch 
diameter pipe anchored in concrete. This elevation is referenced permanently at some point away from the 
monitoring site for reasons to be explained later. To obtain the settlement at any one of the settlement 
units at any given time during or after construction of the embankment, subsequent readings, H, of the 
manometer are made in the same manner as the initial reading. The settlement, Hs, is calculated using 
Equation 5. 
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PRACTICAL CONSIDERATIONS 
If volumes of the piezometer Tube X and mercury remain constant, the densities of mercury 
in Tube 
X and manometer are equal, and the point marked on the l-inch diameter pipe remains fixed at the
 initial 
elevation, the level of the mercury column in the piezometer tube will always come to rest at the
 initial 
point whenever the other end of the column is just in contact with the stainless steel connector 
of the 
settlement unit. However, volumes of Tube X and mercury vary due to creep and temperatu
re variations, 
the initial point may move and the densities of the mercury in Tube X and the manometer sometimes
 differ 
due to a temperature differential. Hence, certain corrections must be applied to any subsequent read
ing of 
the manometer, and Equation 5 must be extended to account for such corrections. 
If the level of mercury in the piezometer tube lies above the initial fixed point on the one-inc
h 
diameter pipe whenever the other end of the mercury column is just making contact with the stainle
ss steel 
connector of the settlement unit, the distance, correction C, above the initial point is sub
tracted from 
subsequent manometer readings; whereas if the level is below the initial point, the correction C is 
added. 
Since there is a possibility that the l-inch pipe anchored in concrete may be disturbed, the elevation
 of the 
initial point must be referenced permanently. If, at some later date, the elevation of the initial p
oint is 
below this initial elevation, then the distance it is below, a correction K, must be added to any subs
equent 
manometer reading; whereas the correction is subtracted from the manometer reading if the point is above 
the initial elevation. Equation 5 becomes 
Hs = (H '± C ± K) - H0 . 6 
EXPERIENCE AND PERFORMANCE 
Laboratory and field studies show that settlement measurements can be made with a mercury-fille
d 
settlement gage with an accuracy of at least t 0.20 inch using a direct-reading manometer with a resoluti
on of 
0.10 inch. More accurate readings can be obtained, if desired, by using a manometer with a smaller 
resolution. For field measurements of foundation settlement, the above accuracy is considered 
sufficient. 
There were a few settlement measurements, which are shown later in discussions of case h
istories, 
which obviously were in error. The apparent cause for these erroneous readings could be attrib
uted in most 
cases to a lack of experience on the part of the operator and to the original design and reading proced
ure of 
the gage. For example, as the pressure was released and the mercury column in Tube X contact
ed the 
stainless steel connector of a settlement unit, the operator(s) had to simultaneously note the deflec
tion of 
the ohmmeter, mark the level of the mercury column in the piezometer tube, and read the manomete
r. This 
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operation generally required two operators and, in addition, necessitated training the operators in the 
laboratory. With the introduction and use of the pressure control panel, only one operator was required; 
less skill and training was required, since by simply closing the toggle valve (No. 5) at the instant the 
ohmmeter needle deflects, the operator could obtain correction C and read the manometer at his leisure. 
Usually, all gages performed well during approximately the first six months after installation. 
However, performance of the gages after this period decreased to where their performance was only fairly 
satisfactory. The major problem experienced with the presently installed gages is a breaking apart of the 
mercury column in Tube X, which results in a temporary failure of the electrical circuit of the gage. Hence, 
no readings can be obtained when this occurs. One apparent cause for this breaking of the mercury column 
at times is the presence of water in Tube X. It is not known yet whether this water is ingressing into the 
system from the ground and( or) condensation of water from the air. It is believed at this time that the 
ingression of water into Tube X is mainly from the ground. This is based on the observation that where 
some of the gages were installed in areas subject to infiltration of water, the problem of water in Tube X 
was more acute than in areas relatively free of water. Therefore, for future installations, the entire gage will 
be coated with some type of insulating material such as asphalt or tar. Presently, nitrogen is used to flush 
the system in order to eliminate the water. 
Other causes for the break of the mercury column in the original models of the gage were: I) the 
original type of stainless steel connectors used and 2) the presence of sharp bends in Tube X at the reservoir 
unit and monitoring unit. The original stainless steel connectors had inside diameters slightly less than the 
inside diameter (0.090 inch) of Tube X; hence this condition had a tendency to restrict the smooth flow of 
mercury. This condition was remedied by making connectors with inside diameters the same as the inside 
diameter of the plastic tubing. In future installations, bends in the plastic tubing will be made more gradual 
at the monitoring site and at the loop (Figure 31 ). 
At one time, failure of the electrical circuit was attributed to corrosion of the stainless steel 
connectors. However, this hypothesis has been discarded because the electrical systems of the older gages 
have recently worked excellently. The most apparent cause for the failure of the electrical system at times 
is a break in the mercury column caused by reasons explained above. Most recently, good success in reading 
all gages has been achieved by I) using clean mercury (24) and 2) flushing the gage system with a 
calgon-detergent solution and drying the system with nitrogen. 
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TESTING METHODOLOGY 
COLLECTION AND PREPARATION OF SOIL SPECIMENS 
Undisturbed soil samples were secured in accordance with the method for thin-walled tube sampling of 
soils (ASTM Designation: D 1587) using a B-61 mobile drill. When the tubes were received in the 
laboratory, soil samples were extruded from the Shelby tubes using a hydraulically controlled, extrusion 
apparatus, mounted in a horizontal position (see Figure 35). Moisture content samples were taken and the 
extruded sample was usually cut into four·inch specimens and dipped in wax for protection. Soil was 
identified by a visual-manual procedure (ASTM Designation: D 2488T). Atterberg limits and grain-size 
analysis tests were performed on a few selected samples for the purpose of classifying soils according to the 
AASHO and Unified Classification systems and to verify the visual manual results. The waxed soil 
specimens were stored in a cool atmosphere until ready for testing. 
CONSOLIDATION EQUIPMENT 
A hydraulic (air) load-applying machine, Figure 36, and a counter- balanced level system, Figure 37, 
were used for applying vertical loads to the consolidation soil specimens. Both types of loading devices 
permit application of a given load increment without impact within approximately 1/2 second; both are 
capable of maintaining specified loads indefinitely within approximately 1/2 per cent of the applied load 
regardless of sample compression within the loading interval. 
A consolidometer, which completely and rigidly confines the specimen in the lateral direction in a 
fixed ring with porous stones on each face of the sample, is shown in Figure 38. The lower porous stone on 
which the specimen rests is mounted in a recess in the base. Outlets permit drainage of water from the base 
of the sample. The entire assembly is made of a noncorrosive bronze, and in order to reduce friction 
between the soil sample and the walls of the ring, the inner surface of the consolidation ring is fitted with a 
thin ring of teflon, as shown in Figure 38. The passage of water from the top of the soil specimen is through 
holes bored in the teflon loading head. The diameter of the consolidation ring is contingent on the common 
size of undisturbed tube samples received for test and are 2 1/2 to 2 1/4 inches in diameter and one inch 
nominal thickness. 
Porous stones of suitable porosity and incompressibility are used at the top and bottom of the soil 
specimen in order to transmit the load to the specimen and still permit free drainage. The stones are made 
from a fine grade alundum. The upper porous stone is approximately 0.1 inch smaller in diameter than the 
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Figure 35. Hydraulically Controlled, Shelby Tube Extrusion Apparatus 
Figure 36. Hydraulically Controlled, Consolidation Loading Device 
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Figure 37. Counterbalanced Lever System, Consolidation Loading Frame 
Drainage Outlets ~ 
Bro_nze Ring 
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i%b - ~ ... 
Liner 
Figure 38. Schematic Drawing of a Consolidometer 
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consolidometer and is seated in a teflon loading cap as shown in Figure 38. The teflon cap has a clearance 
of less than 0.005 inch with the consolidometer ring and will fall freely through the ring under its own 
weight. However, the tolerance is close enough so that there is no tendency for soil to be extruded between 
the consolidation ring and the teflon loading cap, even when testing the softest of materials. 
CONSOUDA TION TEST PROCEDURE 
All undisturbed soil samples were trimmed to the required diameter and thickness. In order to 
minimize evaporation from the soil samples during the trimming operation, all samples were trimmed in a 
moist room. Porous stones and filter paper (placed directly in contact with the top and bottom of the soil 
specimen to prevent the intrusion of soil into the porous stones) were saturated so as not to absorb water 
from the test specimen. In addition, all surfaces of the consolidometer which were to be enclosed were 
moistened. After the soil sample had been placed in the consolidometer, the consolidometer was mounted 
in either the hydraulic loading device or the counter-balanced lever system. After adjusting the deformation 
dial indicator for a zero or initial dial reading, a seating load of approximately 50 grams per square 
centimeter was applied to the soil specimen. When very soft soils were encountered, • smaller seating load 
of approximately 25 grams per square centimeter or less was used. Under the seating load, the soil sample 
was inundated for a minimum time of four hours and a maximum sometimes of 24 hours. 
A load increment ratio of 1.0 was used in the consolidation loading scheme. Generally, the 
consolidation pressure applied to the specimen was increased until the maximum pressure was at least twice 
that anticipated in the soil under the combined overburden and imposed loads. The loading sequence was 
normally 0.1, 0.2, 0.4, 0.8, ... 25.6, ... kilograms per square centimeter (I kg/cm
2 approximately I ton/ft2}. 
In some cases, the loading sequence was varied. For each successive load increment, dial readings were 
obtained at such times after the instant of loading that time-compression curves could be plotted with 
sufficient accuracy. For example, readings were usually taken at 0.1, 0.25, 0.5, 1, 2, ... 16, ... minutes up to 
24 hours. Upon completion of the loading sequence, the entire sample was removed from the 
consolidometer, weighed and oven dried to obtain the weight of the solids. Using either, or both in some 
cases, the logarithm of time or square root of time curve~fitting procedures, coefficients of consolidation, 
Cv, were calculated for each load increment. Void ratio· and coefficient of consolidation-log pressure curves 
were prepared. 
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SEITLEMEN'I PREDICfiONS 
In cases where the foundation was composed of different and distinct layers of soil, several 
consolidation tests (a minimum of three tests) were performed on undisturbed samples collected from each 
layer. From the void ratio-log pressure curves, a typical void ratio-log pressure curve was obtained for each 
layer. No attempt was made to reconstruct an in situ curve from the laboratory curve. The ultimate 
settlement for each layer was calculated according to 
I\ = H( eo - ef) I (I + eo) 
where Hs = ultimate settlement of the layer, 
H =thickness of the layer, 
7 
e
0 
= the initial void ratio at the existing overburden pressure obtained from the average void ratio-log 
pressure curve, and 
ef = the fmal void ratio obtained from the average void ratio-log pressure curve at the fmal pressure (the 
final pressure is equal to the overburden pressure plus the pressure due to the imposed weight of the 
embankment). 
The total ultimate settlement was obtained by summing the ultimate settlements of the various layers. 
Generaliy, if the coefficients of consolidation did not vary greatly for the different layers, an average 
coefficient of consolidation-log pressure curve was derived from the several coefficient of consolidation-log 
pressure curves for the entire foundation; in some cases the curves were averaged for two adjacent layers. It 
was assumed that sand layers would settle instantaneously. A coefficient of consolidation was obtained 
from the average curve by averaging several coefficients of consolidation of this curve at various pressures 
between the calculated overburden pressure and the final pressure. The rate of settlement, or consolidation, ' 
was then calculated as follows: 
I. The time, t, for a given percent of consolidation, U, to occur was calculated from 
t = TH2/Cv 8 
where T = dimensionless time factor corresponding to a given percent of consolidation and 
H = the shortest distance required for water to travel to a drainage boundary. 
2. The settlement, ~, of the foundation at any given time after loading commenced was calculated 
from the formula 
~ = HsU. 9 
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By the above procedure, time-settlement curves were derived. These curves were corrected, by a method 
first proposed by Terzaghi (cf 17} for the construction period of the embankment. A more detailed, 
typical example of the calculation of ultimate settlement is shown in Table 3 of the next chapter. 
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CASE HISTORIES 
Findings that have been obtained from field and laboratory investigations conducted at selected sites 
are presented in this chapter. These sites include: 
I. Lexington Relief Route, bridge over Parkers Mill Road in Fayette County. 
2.1 64, bridge over Slate Creek in Bath County. 
3. I 71, bridge over Kentucky River in Carroll County. 
4. I 64, bridge over Bullfork Creek in Rowan County. 
5. I 64, berm embankment in Bath County. 
6. I 24, bridge over Eddy Creek in Lyon County. 
LEXINGTON RELIEF ROUTE - FA VETTE COUNTY 
The Lexington Relief Route ·- Parkers Mill overpass --is located on the Lexington Peneplain -- a mildly 
karst and gently rolling plain containing no prominent knobs or hills - of the Inner Blue Grass Region of 
Central Kentucky. This site (Station 576+13 to Station 577+63) is situated approximately two miles 
southwest of downtown Lexington (See Figure 39). 
In the vicinity of the crossing, the approach embankments, constructed of clay, are approximately 20 
feet in height and the depth of foundation is approximately 12 feet, as shown in Figure 40. The approaches 
slope downward from each end of the bridge approximately on a two percent grade, and at approximately 
250 feet from the ends of the bridge the embankment heights are on the order of six or eight feet. A 
single-point, mercury-filled settlement gage was installed on centerline of original ground at Station 
575+65, on the northwestern approach foundation. 
The exposed formations of the Inner Blue Grass Region are a series of sedimentary deposits composed 
chiefly of limestone with many interbedded shales and some clays. The outcrop pattern of this region is 
controlled by the Cincinnati Arch. The region can be considered as an old base plain that has been uplifted, 
and now is being dissected by the present erosional cycle. Consequently, the drainage is well developed 
throughout the region. 
The foundation soils at the site are residual, chocolate-brown clays developed mainly from limestones 
or calcareous shales. Although these soils are relatively plastic, they are well drained because the joints, 
cracks and solution channels of the bedrock allow water to escape rapidly. As a result, these soils develop a 
fragmentary structure which creates a highly permeable unit. Four borings made at the northeastern 
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Figure 40. Typical Cross-Section of Embankment and Foundation, Station 575+65, Parkers Mill Overpass 
approach foundation penetrated limestone approximately 12 feet below ground elevation. A summary of 
field and laboratory data is presented in Table 1. A stratigraphical section and geology map of the site is 
shown in Figure 41. 
The consolidation test data indicated that ultimate settlement of the northeastern approach 
embankment foundation would be less than four inches, and that the settlement would occur rapidly. The 
void ratio-log pressure curves, Figure A-1 in the Appendix, show that the foundation is composed of two 
clay layers which exhibit different consolidation characteristics-- that is, the top six feet of this foundation 
is more compressible than the lower six feet. This was anticipated since the lower six feet contained 
fragments of weathered limestone. The preconsolidation pressures of the two average void ratio~log pressure 
curves, Figure A-1, determined by a method first proposed by Casagrande ( cf 8) show that the two layers 
are over .-consolidated. These data show that only a small amount of settlement should have occurred under 
the imposed weight of the embankment since the preconsolidation pressures of both the top and lower clay 
layers, 1.75 and 6.9 kilograms per square centimeter, exceed the overburden stresses plus the stresses 
induced by the imposed weight of the embankment, 1.23 and 1.58 kilograms per square centimeter, 
respectively. The over-consolidated condition of these soils is probably due to dessication. 
Neither of the curve·fitting methods, square root of time or logarithm of time, could be used 
meaningfully in many cases for determining coefficients of consolidation. For example, many of the 
compression-log time curves were straight. The compression-log time curve of a saturated clay exhibits a 
parabolic-straight line-parabolic- straight line shaped curve. A typical compression-square root of time curve 
is shown in Figure 42. Note the large compression, interpreted to be initial compression, occurring 
inunediately after the application of a load increment. This interpretation, however, may not be correct for' 
this type of soil because primary compression may occur before the first dial reading can be obtained. The 
interpretation in Figure 42 suggests that these soils were partially saturated, and the initial compression 
which occurs is due mainly to the escape of air, rather than water, from the soil voids. Generally, the 
coefficients were relatively high, ranging from approximately 0.5 to 3 foot
2 per day. These high values 
indicated that a large portion of ultimate settlement at this site would occur rapidly. Coefficient of 
consolidation-log pressure curves for a few tests are presented in the Appendix, Figure A-2. 
A comparison of the predicted and observed settlements, presented in Figure 43, of the northeastern 
approach foundation shows poor agreement. It is interesting to note that the observed settlements occurred 
rapidly, but was slower than the predicted rate. These exaggerated differences are probably due in part to 
the inapplicability of Terzaghi's theory of consolidation to partially saturated soils, and in part to th• 
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Station Number 
of Boring 
Sta 575+81. 
Centerline. Ground 
Elevation: 973.3 
feet. Water 'table 
at Rock-Line 
Elevation 
Sta 575+45. 15 feet 
Left of Centerline 
Crouad Elevation: 
973.8 feet. 
Sta 575+45, lS feet 
--Right of Cezn:erline. 
~r~ Elevation: 
973.8 feet. 
Sta 575+35. 
Centerline. 
Grmmd El.evati.cm: 
974.4 feet. 
,_,_. 
N...,.r 
B-1 5-l 
B-2 5-l 
B-2 S-2 
11-3 5-l 
11-3 s-2 
B-4 S-1 
.... 5-2 
B-4 S-3 
Table I. Swnmary of Field and Laboratory Data, Parkers Mill Road Overpass 
A~~erberg LU.its rercent 
Description of Soil Specimen Ko18ture Passing Claaaifiea.tioa 
Dep<b (Visual-Manual Proeedure) Content Specific LL I PI Mo. 200 (feet) (AS1'H. Designation: D2488T) (%) Gravity (%) (%) Sieve AASHO I Unified 
5.0- 6.5 Firm. very brittle. chocolate 31.6 2.68 
ltoc:k at 11.6 brown .!:!!I_; frapentary structure 
4.0- 5.8 Fin~. very brittle. chocolate 28.5 2,79 
brown ~; fragmentary structure 
8.0- 9.3 Very hard, brittle fragments of 
Rock at 11.6 lillestoae; light to dark brown 
silty~ 
4.0- 5.6 Fin~, very brittle. chocolate 28.7 2.78 
brown clay; fragmentary structure 
8.0 - 9.3 Some hard. brittle frapenta 37.2 2.94 
Rock- at 12. 9 of weathered limestone; lip;ht 
to dark brmm silty elay 
3.0- 4.8 Fin~. very britt:le. chocolate 29.7 2.72 4.0 16.3 87 A-7(10) CL 
brown ~; fragmentary structure 
6.0- 7.6 Scae hard. brittle. fragaents 42.8 2.94 
of weathered limestone; light 
8.0- 9.7 
to dark brown ~ .£!!%_ 
Very hard, britde fragaents 34.2 2.94 58.0 28.0 30.0 A-2(3) sc 
Rod: at 12.5 of weathered limestone; light 
to dark brmm silty clay 
-----------
"' "' 
Figure 41. Geology of Parkers Mill Overpass Area 
EXPLANATION 
Lexington Limestone 
Olm, Miller8burg Member 
Olt, TangleW<>od Limeslh'M Member 
Old, Devil• Hollow Member 
ho.f<>=iliferous shaie and /imeotone 
Olb, Bra.n'Mn LimesWne Member 
s, limost<>'M containing ubundant etrom«· 
top<>roid8 
Olgc, C<tne Run bed 
Olg, Grier Lime•tone Member 
g, top of limesto"" containing a.bun.dant higk-
spired gastrop<>d8 
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Figure 42. Typical Compression-Square Root of Time Curve 
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Figure 43. Observed and Predicted Time-Settlement Curves and Time-Loading Curves, Parkers Mill Road Overpass 
60 
over-consolidated condition of these soils. Recent measurements of settlement at this site indicate that the 
foundation has stabilized. 
Approximately half of the northwestern approach emhankment was completed between May 5-20, 
1966, and the entire embankment was not completed until September 10, 1966. Approximately a month 
later, the abutments -- placed on end-bent piles driven to bedrock -- were completed. In the later part of 
November 1966, the approach pavements were placed. Thus, the approach embankment and its foundation 
had roughly four months to consolidate under the load of the entire embankment; there were 
approximately eight months to consolidate with approximately half of the embankment complete. It 
appears from recent measurements that primary consolidation of the foundation has ceased. 
Initial elevations of points located on the northwestern approach pavements obtained December I, 
1966, and a subsequent set of elevations of these points, obtained June 4, 1968, are shown in Figures 44 
and 45. These data show that the approach pavements have settled approximately 0.3 to 0.5 inch. 
Examination of the observed time-settlement curve, Figure 43, reveals that the foundation settled 
approximately 0.2 inches after placement of the approaches. Presently it appears that the approach 
settlement at this site is due in part to settlement of the foundation and in part to settlement of the 
embankment. It is interesting to note that practically all of the bridge approaches on this route have been 
patched (see Figure 7). The approaches at this site were patched on July 23-24, 1968. 
I 64, SLATE CREEK-- BATH COUNTY 
I 64 crosses Slate Creek over twin bridges near Station 621 +00 (Figure 46). This site is located in the 
Knobs Region of Kentucky, approximately two miles south of Owingsville. In the vicinity of the crossing, 
the basin of Slate Creek is roughly 800 feet wide. The flood plain on the eastern side of the river near the 
crossing is relatively flat and wide, and the original ground elevation is near 705 feet. A bluff is situated on 
the western side of the river with the top of this bluff approximately at elevation 745 feet. The western 
approach embankment is on the order of 15 feet in height, while the eastern embankment is 55 feet in 
height. 
Both embankments are composed mainly of a greenish shale with some limestone rocks. The shale in 
the embankment appears to be of the Crab Orchard Formation (Silurian period) (see Figure 47). Borings 
made of the eastern approach foundation apparently penetrated the lower portion of the Maysville 
limestone at about an elevation of 692 feet. The eastern foundation (approximately 12 feet thick, Figure 
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Figure 47. Geology of the Bath County Area 
EXPLANATION 
Pennsylvanian rocks 
(Lee formation) 
Mississippian rocks 
Devonian rocks 
Silurian rocks 
Richmond group 
Maysville group 
Eden group 
Cynthiana formation 
48) is composed of water-deposited, transported soils (recent alluvium of the Pleistocene period) --slightly 
sandy, silty clays with a few small stones present. Natural moisture contents of the eastern approach 
foundation soils are low and range from 20 to 25 percent. A summary of field and laboratory data is shown 
in Table 2. These soils classify as A-4 by the AASHO Classification System and ML by the Unified System. 
A single-point, mercury filled settlement gage was installed at Station 622+97, 42 feet right of centerline 
and 42 feet from the east end of the bridge. The bridge abutments rest on end-bent piles whlch were driven 
through constructed earth cores. 
Consolidation data indicated that settlements on the order of eight inches could be anticipated for the 
eastern approach foundation and the rate of consolidation would be fairly rapid. Void ratio-log pressure 
curves and coefficient of consolidationalog pressure curves are presented in Appendix A, Figure A-3. 
Observed and predicted time-settlement curves for the eastern approach foundation are shown in Figure 49. 
Note that construction of the embankment began November 23, 1965; however only a small amount of flll 
was placed in the first 125 days; most of the flll was placed during the last 80 days. The predicted rate of 
settlement was adjusted to the last 80 days and a linear loading rate was used to approximate the actual 
loading rate. The dashed line of the predicted curve was merely drawn to reflect the probable predicted 
settlement for the first 125 days. Unfortunately, only a few observed settlement readings have been 
obtained at this site because this gage has not always been operative. However, the observed readings shown 
in Figure 49 indicate that settlement of the eastern approach foundation had ceased before placement of 
the approach pavements on July 14, 1967, 554 days after construction of the embankment started. 
Subsequent elevations obtained July 8, 1968 (see Figure 50) show that the eastern approach pavements 
have settled roughly 1.5 to 2.3 inches. The greatest amount of settlement occurred withln approximately 
100 feet of the end of the bridge. 
171, KENTUCKY RIVER BASIN- CARROLL COUNTY 
I 71 crosses the Kentucky River over twin bridges, Station 2111+85 to Station 2119+85, 
approximately three miles southwest of Carrollton and the junction of thls river with the Ohio River 
(Figure 51). Thls site is located in the Outer Bluegrass Region of northern Kentucky. The Kentucky River 
basin at this crossing is on the order of 1.5 miles wide. The elevations of original ground of the southwest 
and northeast sides of this broad, flat flood plain are approximately 465 feet and 460 feet, respectively. 
Generally, normal pool elevation is 430 feet with a hlgh water elevation of 480 feet being recorded in 1937. 
On the southwest side of the river, near Station 2106+00, the new highway embankment crosses, at right 
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Station Number 
of Boring 
Sta 622+75 on 
Centerline. 
Ground Elevation: 
705 feet. 
Water Table 
Elevation: 
699.0 feet. 
Sta 623+22 on 
Centerline. 
Ground Elevation: 
705 feet. 
Water Table 
Elevation: 
699.0 feet. 
Sample 
Number 
H-1 S-1 
H-1 S-2 
H-2 S-1 
H-2 S-2 
Table 2. Summary of Field and Laboratory Data,164 over Slate Creek, Bath County 
Atterberg Limits Percent 
Description of Soil Specimen Moisture Passing Classification 
Depth (Visual-Manual Procedure) Content Soecific LL 
I 
PI No. 200 
AASH1 Unified (feet) (ASTM Designation: D2488T) (%) Gravity (%) (%) Sieve 
5.0- 7.0 Firm, wet, nonstratified, 22.7 2.70 34.5 9.2 92.0 A-4(8) ML I Rock at 12 brown-grayish, slightly ' silty~ I 
10,0 - 12.0 Firm, wet, nonstratified 2.71 
brown-grayish, slightly 
siltv clay 
5.0- 7.0 Firm, wet, nonstratified 24 .1 2. 7 5 27.0 6.3 89.7 A-4(8) CL-ML 
Rock at 12 brown-~rayish, slightlv 
10,0 - 12.0 
silty clay 
Firm, wet, nonstratified 22.6 2.75 
brown-grayish, slightly 
silty clay with a few 
small stones. 
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angles, a small drainage basin. From this intersection the basin makes a ninety degree turn and continues 
parallel with the south bank of the highway embankment until it junctions with the river. The ground 
elevation of the bottom of this basin is approximately 445 feet and the width of the basin is on the order of 
500 feet. Water from the Kentucky River often spills over into this basin and becomes trapped. Preliminary 
borings revealed that the basin contained saturated, very soft sandy clay for an approximate depth of 8-10 
feet. From Station 2106+00 to Station 2111 +85, approximately one-third of the embankment lies within 
this basin. As shown in Figure 52, the southwest approach embankment ranges in height from 35 to 55 feet 
and the thickness of the foundation is on the order of 100 feet. From preliminary information, it became 
apparent that, in addition to a consolidation analysis, a stability analysis of the southwestern approach 
foundation would be required. 
The southwestern approach foundation is composed of recent alluvium deposits of clay, sandy clay, 
loose and very fme sand and some silt. Field and laboratory descriptions of soil samples obtained from 
three borings of the southwestern foundation and one boring of the northeastern foundation are presented 
in Figure 51 and Table 3. 
The geology of this region was significantly influenced indirectly by the lllinoian and Wisconsin ice 
sheets. Both of these ice sheets reached Kentucky; however, only the lllionian crossed over the present 
Ohio River, leaving some scattered drift in the Ohio River counties from Oldham to Bracken. This drift was 
not of sufficient thickness to materially influence the topography or the soils of this area. The presence of 
erratics at high elevations suggests that there was a Pre-Illinoian ice invasion. More significantly, the heights 
of the Illinois (600 to 620 feet) and the Wisconsin (540 feet at Cincinnati) fills were sufficient to have 
ponded the waters of the northward flowing Kentucky River. Then, supposely, at separate times partial 
filling of this river area occurred by the deposition of alluvium in these temporary lakes. Additional 
geological information is presented in Figure 53. 
Six single-tube, porous element, remote reading piezometers were installed at the following locations: 
I. Station 2105+50 on centerline, Piezometer Number I at elevation 382 feet, Piezometer Number 
2 at elevation 402 feet. 
2. Station 2110+75, 65 feet right of centerline, Piezometer Number 3 at elevation 397 feet and 
Piezometer Number 4 at elevation 425 feet. 
3. Station 2111+70, 42 feet left of centerline, Piezometer Number 5 at elevation 395 feet and 
Piezometer Number 6 at elevation 426 feet. 
71 
Table 3. Summary of Field and Laboratory Data, I 71 over Kentucky River, Carroll County 
Attarberg Limits Pcrc:ent 
Moiuture Description of Soil Specimen Paeaintt. claasification 
Station Number Sample Depth Content (Visual-Manual Procedure) u. 
I " ;~~v: I ;~~!ou Unified! AASIIO 
Specific: 
of Boring Number (feet) (%) (ASTM Designation: D2488T) "' 
,,, Grsvitv 
Sta 2112+00, 90 H-4 S-1 5-8 21-4 Brown, moist, very stiff £!..!!!. 
feet Left of 5-2 10-13 18.7 Brown, moist, stiff £!!I. 32,0 10.4 100 89 ML-CL A-6(8) 
Centerline. Ground 5-J 15-18 27.7 Brown, moist to wet, stiff sandy £!!I. 32.5 10,1 100 81 ML-CL A-6(8) 
Elevation: 467.0 5-4 Zo-23 27.3 Brown, .,et, firm sandy.£.!!!. 
feet. Water Table 5-5 30-33 27,6 Brown, saturated, soft to firm Dandy 
Elevation: 448,5 feet. .£.!!!. 
5-6 35-38 28.2 Brown, wet to saturoted, denoe 011ndy 
{Southwest Approoc:h] ~ 
5-7 40-43 23.2 Gray, saturated, dense to loose nand 
5-8 50-53 21.1 Gray, saturoted, den~e to loose~ 
5-9 55-58 17.5 Gray, wet, loose sand NP NP 100 25 ML A-3(0) 
S-10 60-63 18.7 Gray, wet, 1ootte ;aruf 
S-11 65-68 22,4 Groy, saturated, loose sand 
5-12 70-73 25.2 Gr11y, 1110ist, stiff sandr £!!I 30.5 '·' 100 88 ML-cL A-4(8) 2.69 S-13 75-78 23.9 Gray, moist, stiff sandy £!!l. 28.6 
7 ·' 
100 90 ML-cL A-4(8) 
S-14 60-63 28.2 Gray, moist, firm sandy~ 26.0 7.2 2.71 
S-15 65-66 27.1 Gray, .,et (lenses of sand , ooft ~ 23,0 2.4 100 78 
S-16 90-93 22.4 Gray, saturated, loose a and NP NP 100 " ML A-3(0) S-17 95-98 19.6 Gray, wet, dense sand 
S-18 100-102 21.4 Gray, wet, denae ii'iTiir 
Sta 2106+85 on H-2 S-1 5-8 Bre>m, moist, etiff ~ 
Centerline. Ground S-2 10-13 Brown, moiat, atiff .£!!!. 2.68 
Elevation: 464.5 ,_, 15-18 27.1 Brown, moist, stiff~ 
feet. Water Table S-4 20-23 30,5 Brown, moiat to wet, fi= sandy~ 2.69 
Elsvation: 444,0 feet. S-5 25-28 Brown, wet, aoft to firm aandy ~ ,_, 30-33 Brown, wet, looae.!!!!!,!!. 
(Sout!niest Approa~:.b] 5-7 35-38 Bre>m, .,et, loose sand 
s-a 45-48 Bre>m, wet, loose sand 2.67 
S-9 55-57 Reddish gr11y 1 saturated, loose!!!!!!!, 
s-10 56-67 Gray, .,et to saturated, looee sand 20.7 '·' 2.67 S-11 67-77 Dark gray, Slltursted, aoft )larey silt 22.5 '·' 2,60 S-12 80-e'J Gray, 1110iat (lenses of sand , aoft to 2.65 
firm~ 
2.68 S-13 85-88 28.8 Gray, moist to wet (lenses of eand), 
i soft to firm :!!!. 
Sts 2111+50, 42 H-1 S-1 ,_, Brown, moist, very stiff.£.!!!. 
feet Left of S-2 10-13 Brown, 1110ist, stiff £.!.!!. 35.8 l3.5 2.68 
Centerline. Ground ,_, 15-18 19.3 Brown, moist to wet, stiff sandy.£.!!!. 
Elevation: 467 feet. 5-4 20-23 Brown, wet, firm sandy .£.!!!. 
Water Table S-5 25-28 Brown, asturated, eoft to fina aandy 
Elevation: 445.0 feet. £!!!. ,_, 35-38 Brown, satursted (lenaes of s11nd), aoft 2,64 
(Southwcat Approac:h] sandy .£!.!!. 
5-8 40-43 Gray, QOi8t, looBe aand 2.63 
5-9 45-48 20.9 Gray, moiBt, loose S11nd 
S-14 95-98 Gray, saturated, soft~ 
Sta 2121+00 on H-3 S-1 5-8 21.1 Brown, wet, stiff organic .!!.!..!1 
Centerline. Ground ,_, 10-lJ 26.5 Brown, wet, dense silty~ 
Elevation: 459,2 feet. ,_, 15-18 32.9 Bluish-gray, wet, aoft organic silt 
Water Table Elevation: S-4 20-23 31.0 Dark gray, wet, denae silty sand 
434.0 feat. 5-5 25-28 52,4 Dark brown, wet, soft orsanic!!.!,!. ,_, 30-33 52.0 Dark bluish-brown, wet (lensea of sand), 
[Northeaat Approach] aoft~.!!.!!.!_ 
---··· --
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Figure 52. Typical Cross-Section of Embankment and Foundation, Near Station 2111 +50, 
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Figure 53. Geology of Carroll County Area 
EXPLANATION 
'UP 
Two single-point, mercury-filled settlement gages were installed at Station 2111+50, one 42 feet left and 
the other 65 feet right of centerline. The relative locations of all instrumentation are shown in Figures 51 
and 52. 
Triaxial and unconfined compression tests were performed to define the shear strength of the 
embankment foundation. Summary data from the triaxial and unconfmed compression tests are shown in 
Table 4. Mohr circles and failure envelopes for the triaxial tests are shown in Figure 54. The average 
effective angle of internal friction was 28 ·, lmd the average effective cohesion was about 1.3 pounds per 
square inch. The average unconfined compressive strength was approximately 2300 pounds per square foot. 
Unconsolidated, undrained triaxial tests were performed on some saturated, sandy samples; the results were 
included in the unconfmed compressive strength average. 
The unconfmed compressive strength data were used in a computer analysis, developed by the Division 
of Research, Kentucky Department of Highways (25), to determine the factor of safety for stability of the 
embankment for the short-term case (assuming no strength gain due to consolidation). Analyses were made 
for the embankment as designed as well as with added benns of various sizes. Also, the stability was 
determined for each berm configuration assuming both equal and different strengths for the foundation and 
embankment. For the homogeneous case, the strength of both the embankment and foundation were 
assumed to be represented by the average of the unconfined compressive strength of the foundation 
material. Four tests which were more than 50 percent higher than the average were neglected in 
determining the above average. For the layered case, the foundation strength determined as above was used; 
the embankment strength was assumed to be represented by the higher values whlch were ignored 
previously. Factors of safety determined in this manner were all low (less than one -- see Table 5). 
Since the foundation is roughly one-half sand, a significant amount of consolidation and strength gain 
was anticipated during the construction pedod. Therefore, triaxial tests were performed in order to 
determine the long-tenn strength parameters (the unconfined compression tests were performed and 
analyzed before the triaxial testing operation). If the total stress analysis based on the unconfmed 
compression test data had produced adequate factors of safety, it would not have been necessary to do the 
triaxial testing. However, as shown in Table 5, the total stress factors of safety were inadequate and triaxial 
tests were necessary to defme the effective stress shear strengths. Long-term factors of safety -- after the 
strength gain due to consolidation-- are also shown in Table 5. The water table heights were measured from 
the toe of the fill at the critical sections, that is, the elevation of the slough right of centerline (elevation 
446 feet). 
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Table 4. Summary of Triaxial and Unoonfmed Compression Test Data, 171 over Kentucky 
River, Carroll County 
Unconfined 
Compression 
Test Triaxial Test 
Moisture Consolidation 
Sample Depth Content Max. Stress Pressure Cohesion 
Location No. Description (feet) (%) (psi) (psi) (psi) 
42' Lt. Sta. 2111+50 H-1 S-3C Wet, Brown, Sandy Clay 15'-18' 19.3 15.0 
H-1 S-3E 55.0 
H-1 S-SA Saturated, Brown, Sandy Clay 25'-28' 35.0 2.5 
H-1 S-SD 15.0 
H-1 S-14R Saturated, Gray, Soft Clay 95'-98' 15.0 
H-1 S-14B 35.0 
H-1 S-14C 55.0 
t:.Sta. 2106+85 H-2 S-12A Moist, Gray Clay 80'-83' 25.0 0.0 
65.0 
H-2 S-12B 5.0 
45.0 
H-2 S-3C Moist, Brown Clay 15'-18' 27.1 45.0 
H-2 S-3D 25.0 1.5 
H-2 S-3E 5.0 
H-2 S-3F 65.0 
42' Lt. Sta. 2111+50 H-1 S-1 Moist, Brown Clay 5'- 8' 26.8 28.73 
H-1 S-2A Moist, Brown Clay 1 0' -13' 28.03 
H-1 S-3B Wet, Brown, Sandy Clay 15'-18' 10.59 
H-1 S-4B Wet, Brown, Sandy Clay 20'-23' 30.3 14.91 
H-1 S-SE Saturated, Brown, Sandy Clay 25'-28' 42.3 10.61 
H-1 S-8B Moist, Gray Sand 40'43' 38.4 8.58 
H-1 S-9 Moist, Gray Sand 45'-48' 20.9 15.72 
t.Sta. 2106+85 H-2 S-IB Moist, Brown Clay 5'- 8' 34.49 
H-2 S-2 Moist, Brown Clay 1 0' -13' 22.94 
H-2 S-3B Moist, Brown Clay 15'-18' 27.1 14.49 
H-2 S-4 Wet, Brown, Sandy Clay 20'-23' 30.5 7.88 
H-2 S-12D Moist, Gray Clay 80'-83' 6.19 
H-2 S-13B Wet, Gray Clay 85'-88' 28.8 7.28 
Effective 
Angle 
(degrees) 
25.0 
32.0 
26.0 
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Figure 54. Mohr Circles and Failure Envelope, I 71 over Kentucky River, Carroll County 
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00 
Foundation 
C(1bs/ft2) I Tan 4' 
1077 0.000 
1077 0.000 
1077 0.000 
1077 0.000 
1077 0.000 
1077 0.000 
1077 0.000 
1077 0.000 
144 0.543 
144 0. 543 
144 0.543 
144 0.543 
0 0.625 
0 0.625 
0 0.625 
Table 5. Summary of Safety Factors, I 71 o·ver Kentucky River, Carroll County 
Water Table Short-Term Long-Term Berm 
Embankment Elevation Safety Factor Safety Factor Dimensions 
C(1bs/ft2) I Tan 4> (feet) (feet) 
' 
3172 0.000 446 0.82 None 
1077 o.ooo 446 0.82 None 
3172 0.000 446 0.93 30 X 80 
3172 0.000 446 1.04 20 X 60 
3172 0.000 446 0.84 10 X 30 
1077 0.000 446 0.91 30 X 80 
1077 o.ooo 446 1.03 20 X 60 
1077 o.ooo 446 0.84 10 X 30 
144 0.543 446 1.34 None 
144 0.543 456 1.26 None 
144 0.543 466 1.22 None 
144 0.543 476 1.24 None 
288 0.466 446 1.28 None 
288 0.466 456 1.21 None 
288 0.466 466 1.18 None 
The minimum calculated factor of safety for pore pressures equivalent to a static water table at the 
elevation of the toe of the fill was 1.28, and the minimum calculated factor of safety corresponding to the 
water table at 20 feet above the toe was 1.18. Considering that an error of plus or minus 15 percent is to be 
expected in a stability analysis of this type, it was recommended that embankment construction be 
temporarily suspended if piezometer readings (corrected to the slough elevation) reached I 0 psi or 20 feet 
of head, a critical water table elevation of 466 feet. The maximum observed pore pressures, presented in 
terms of equivalent water table elevations, are shown below: 
Piezometer I = below ground elevation 
Piezometer 2 = 466.2 feet 
Piezometer 3 = 455.2 feet 
Piezometer 4 = 454.0 feet 
Piezometer 5 =below ground elevation 
Piezometer 6 = 468.0 feet. 
At Piezometer 6 the water level reached elevation 468.0 feet, hence slightly exceeding the recommended 
water elevation. However, this reading was observed inunediately after the embankment had been 
completed to within five feet below the fmal grade elevation of 501 feet. Although the computed factor of 
safety was still somewhat above one, no more fill was placed until after there was a substantial decrease in 
the observed pore pressures. 
Preliminary estimates of ultinaate settlement, based on Terzaghl and Peck's liquid linait formula (4) 
and soils data contained on the plan sheets, for the drainage basin foundation ranged from four to six feet. 
However, the extent of the sand layers was unknown at that tinae, and it was assumed that the foundation 
was composed entirely of clay. As a result, these estinaates were quite exaggerated. More refmed estimates 
based on consolidation tests performed on undisturbed soil samples and more detailed information of the 
foundation conditions were considerably less -- approximately two feet. Several consolidation tests were 
performed on soil samples collected from each layer of the foundation, and average void ratio-log pressure 
curves were obtained for each layer. These curves are shown in the Appendix, Figures A4 through A·9. 
Using these average curves, ultinaate settlements were calculated, as illustrated in Table 6. Coefficient of 
consolidation-log pressure curves, from which an average curve was derived for the uppermost clay layers 
and the clay layers located nearest to rock, are presented in the Appendix, Figure A-10. An average 
coefficient of consolidation was selected for each of the separate clay systems and predicted 
. time-settlement curves were calculated for the foundation at Station 2111 +50, 65 feet right and 42 feet left 
79 
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Table 6. Sample Calculation of Ultimate Settlement, Station 2111+50, 42 Feet Left 
of Centerline, I 71 over Kentucky River, Carroll County 
Depth To -< Hidpoiri! .. ., Overburden Thickness Of Layer Wei.gb.t Pressure "•""" .Layer (H) (D) (y)l <Po)2 NUIIlber De1.1criptl011 (feet) (feet) (lbs/euft) (kg/c::m2) 
Sta 2111+50, Brown cl.ay 20 10.0 120 0.586 
42 feet Left BrOWD sandy clay 14 27.0 58 1.371 
of Centerline; Gray clay with 
Water Table saud 1en8ea 5 36.5 58 1.641 
Elevation .. Gray sand 29 53.5 67 2.186 
446 feet Gray sandy clay 14 75.0 58 2.859 
Gray clay with 
sand lenses 6 85.0 68 3.157 
Gray sand 14 95.0 68 3.489 
--------
1. y "' 
1
l+W Gyv• Were y .. unit weight of water and G .. specific gravitY of soil. ... , . 
2. P0 ~yD. Water table a.~~sumed to be at elevation 44{).0 feet. 
3. From influence charta or t.ablea. See "Nsvdoclr.8 11 DH-7 and figure below. 
~a- In= !3 
'1 
0.496 
o.472 
0.453 
0.418 
0.359 
0-338 
0.318 
Vertical Total 
lnfluenee Stresses Vertical nw..t 
Va~)~ (OP) Stresses Pressures 
(k /~) (M')4 {Pf)5 
Iz I IJa I I3b I IJ "'1 APz I t.P3 (kg/c:m2) (kgJc:m2) 
o.soo - - - 1.018 1.026 0.0 2.044 2.630 o.soo 0.500 o.soo 0.0 0.969 1.026 o.o 1.999 3.370 
0.497 0.500 o.soo o.o 0.930 1.020 0.0 1.950 3.591 
0.490 0.500 0.497 0.003 0.858 1.006 0.004 1.868 4.054 
0.478 0.500 0.470 0.030 0. 737 0.981 0.036 1. 754 4.613 
0.469 0.494 0.453 0.041 0.694 0.963 0.049 1. 706 4.863 
0.450 0.488 0.435 0.053 0.653 0.924 0.064 1.641 5.130 
4. l!.P "'Yf [HfCI1+12) + Hfo 131, where Yf ~unit weight of ernlnmkment 
(120 lbs/cuft) and ~ • height of embankment shown (34.5 feet) 
sud Bfo • height of embankaleut shown (20.·6 feet). 
5. Pf ~ P0 + l!.P. 
6. l!.B "'-"- {el-e2)-
l ... l 
H10."20.6' 
Initial ..... 
Void Void Settlement 
Ratio Ratio (llH)6 
(e1) {ez) {i.ncbea) 
0.675 0.623 7.5 
0.674 0.630 4.4 
0.854 0.179 2.4 
0.554 0.544 2.2 
0.591 0.565 2. 7 
0.671 0.635 1.6 
0.547 0.539 0.9 
Total Settlement 21.7 
of centerline. The avernge coefficient of consolidation used for obtaining the time·settlement curve, Station 
2111+50, 65 feet right of centerline, did not include the coefficient of consolidation· log pressure curves of 
the uppermost clay layer, elevation 445 feet to 465 feet. 
Predicted and observed time·settlement curves for Station 2111+50, 42 feet left and 65 feet right of 
centerline, are shown in Figures 55 and 56, respectively. In addition, predicted ultimate settlements are 
shown in these figures. The observed rates of settlements at both stations are progressively decreasing. An 
examination of the observed settlement curve in Figure 55 reveals that all primary compression of the 
foundation has been completed and later readings indicate that all settlement has ceased. But it is believed 
at this time that long·term observations are needed in order to discern any significant secondary settlement 
whlch may occur. Thls may require from one to five years of settlement observations. In Figure 55 it can be 
seen that the observed rate of settlement proceeded much faster than the predicted rate, while in Figure 56 
the predicted and observed settlement rates agree rather well. For both cases the predicted and observed 
ultimate settlements are in good agreement. 
An attempt was made to determine preconsolidation pressures of each of the clay layers using 
Casagrande's procedure. These data, presented in Table 7, indicate that the brown clay layer and brown 
sandy clay are over-consolidated while the gray clay with sand lenses nearest the rock elevation appeared to 
be under-consolidated. 
Construction of the southwestern embankment began August 26, 1966, and was completed October 
15, 1966. Approximately a month later, excavation for pile-end·bent abutments was completed and a 
month later the abutments were constructed. The bridge approach pavements were constructed in October 
1968, and pavement elevations were obtained at that time. Hence, there had been a time lapse of 
approximately two years between the time the embankment was completed and the time the approach 
pavements were constructed. This time has apparently been sufficient for the completion of initial and 
primary compression, but further observations are needed to study the secondary compression, if any, at 
thls site. 
I 64, BULL FORK CREEK - ROW AN COUNTY 
I 64 crosses Bull Fork Creek and Bull Fork Road over twin bridges, Station 2396+56 to Station 
2400+82 (Figure 57), in the Knobs Region of northeastern Kentucky. The Bull Fork Creek basin is 
approximately 1900 feet wide, beginning at Station 2384+00 and ending at Station 2403+00. In the 
vicinity of the crossing, the eastern approach embankment is on the order of 65 feet high, whereas the 
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Table 7. Overburden and Preconsolidation Pressures, I 71 
over Kentucky River, Carroll County 
Overburden Preconsolidation 
Pressures Pressures 
Layer Description (kg/cm2) (kg/cm2) 
Brown clay 0.586 3.15 
Brown sandy clay 1.371 2.60 
Gray clay with 
sand lenses 1.641 1. 83 
Gray sand 2.186 . 
Blue-grayish clay 2.859 2.50 
Gray clay with 
sand lenses 3.157 1.10 
Gray sand 3.489 . 
Black shale . -
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western approach is approximately 75 feet high. The embankment extends between bluffs (alternate layers 
of black shale and sandstone), with the bluff nearest the bridge (west side) at Station 2403+00 being the 
steepest with a rise of 70 feet in a horizontal distance of l 00 feet; the other bluff at Station 2384+00 rises 
approximately 60 feet in 100 feet. The floodplain on the western side of the bridge is relatively flat, 
whereas the eastern floodplain rises at an approximate grade of four percent. A large gas main, skewed 45 • 
right, crosses the highway centerline about three or four feet below ground surface near Station 2399+00. 
The Bull Fork basin is filled with water-lain, transported soils (recent alluvium) -- black shale and 
yellow sandstone gravels and sand intermingled with silts and clays. The fluvial gravel and sand of this basin 
exhibit the characteristically rounded shapes which has resulted from the rolling together of these materials 
by the swiftly flowing Bull Fork Creek. This creek usually flows most rapidly during the winter and spring 
seasons. A sununary of laboratory test data showing some of the major characteristics of the basin materials 
is presented in Table 8. The three borings of the west approach foundation and the two borings of the east 
foundation penetrated black shale approximately 18 feet below ground elevation. The approach 
embankments, with the exception of the clay cores, were constructed of a greenish shale and sandstone 
obtained from the Waverly Formation. A stratigraphic section and a geology map of the site, Figure 58, 
present additional information concerning the Bull Fork Creek basin. 
Instrumentation included the installation of three, double-tubed, porous piezometers in the western 
approach foundation and a single point, mercury-filled settlement gage located at ground elevation. A 
single-tube, porous piezometer was installed in the eastern approach foundation, and a multiple-point (three 
points), mercury-filled, settlement gage was located at ground elevation of the western approach 
embankment. Figures 57 and 59, typical sections of the eastern and western approach embankments and 
foundations, show the location and elevations of the piezometers and mercury gages. Pore pressures wera 
observed as the water level in vertical extensions of the piezometer tubing. 
Preliminary borings of this basin revealed that portions of the foundation material were relatively soft. 
Considering the large loads to be applied to the approach foundations and presence of the gas main, a 
stability analysis was made for both the eastern and western approach embankments. Results of a total 
stress (short-term) stability analysis based on unconfined compressive strength and an effective stress 
(long-term) stability analysis based on an assumed friction angle of 31·, zero cohesion and various levels of 
pore pressure are shown in Table 9. Unfortunately, triaxial tests were not performed on soil specimens 
obtained from this site because most of these samples were saturated and sandy, or gravelly, and could not 
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Figure 58. Geology of the Bull Fork Creek Area. Rowan County 
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Figure 59. Typical Cross-Sections of the Western and Eastern Approach Embankments and 
Foundations, l 64 over Bull Fork Creek, Rowan County 
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Weight 
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Table 9. Summary of Safety Factors,! 64 over Bull Fork Creek, Rowan County 
(Assumed) Total Stress Effective Stress Analysis 
Effective Analysis 
Friction 
Angle, 4> Short-Term Long-Term 
Factor of Factor of Pore Pressure 
(Degrees) Safety Safety Condition 
Equivalent to I 
Static Water Table 
0 0.55 - at Ground Surface 
Equivalent to 
Static Water Table 
31 - 1,21 at Ground Surface 
Equivalent to Static 
Water Table 10 Feet 
31 - 1.21 Above Ground Surface 
Equivalent to Static 
Water 20 Feet Above 
31 - 1.11 Ground Surface 
Equivalent to Static 
Water Table 30 Feet 
31 - 0.97 Abo"e Ground Surface 
Equivalent to Static 
Water Table 40 Feet 
31 - 0,62 Above Ground Surface 
be handled without seriously disturbing them. Also, there was a shortage of samples. Howeve
r, it was 
assumed that the basin material would probably have high drained strengths and that an assumed
 friction 
angle of 31 • Would be on the conservative side. The total stress analysis is without doubt conserva
tive since 
the superior strength of the fill material was not considered and some increase in strength due to dra
inage 
would be expected. It was recommended that piezometer readings of 10 feet above ground elevatio
n --
elevation 710 for the western embankment and elevation 705 for the eastern embankment- s
hould be 
considered critical, and that construction of the embankments be temporarily suspended or con
tinued at 
such a slow rate that pore pressures did not increase further once the critical values were reached
. If after 
construction of the embankment had commenced and critical pore pressures were reached immed
iately, a 
controlled loading rate would be formulated. 
The consolidation test data indlcated that ultimate settlements on the order of one foot or slig
htly 
greater could be expected, and that the settlement of basin material would proceed rather rapidly, 
probably 
faster than indicated by the test data, considering the nature of this material. Difficulty was encou
ntered in 
trimming some of the consolidation soil specimens, and no doubt this operation dlsturbed som
e of the 
'undisturbed' samples. Void ratio-log pressure curves and coefficient of consolidation-Jog pressure c
urves are 
shown in the Appendix, Figure A·ll. 
Observed settlements and predicted settlements for the western approach foundation are show
n in 
Figure 60. The predlcted time-settlement curve was corrected for actual loading periods. As show
n in this 
figure, the predicted and observed ultimate settlements are in fair agreement; but the observed
 rate of 
settlement proceeded much faster than that predlcted. The most recent readlngs indicate that cons
olidation 
of this embankment foundation has ceased. 
Observed and predicted time-settlement curves for the eastern approach foundation are shown
 in 
Figures 61, 62, and 63 (Units l, 2 and 3 of the multiple-point, mercury-filled, settleme
nt gage, 
respectively). Predicted curves have been corrected for the actualloadlng period. The observed set
tlements 
for Point 2 can no longer be obtained because of a failure in the electrical system of this po
int. This 
situation developed when the contractor decided to plaee waste material on the south flank of th
e eastern 
embankment and this action necessitated removal of the mercury gage monitoring site. During t
he rapid 
work to extend the wires and tubing, an improper connection was made with the wire associated w
ith Point 
2. However, proper connections were made for Points I and 3 and addltional readlngs are being o
btained. 
As shown in these figures, predicted and observed ultimate settlements as well as rate of settlem
ents are 
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generally in fair agreement. From those data, it appears that consolidation of this foundation is essentially 
complete. 
Pore pressure measurements are presented in Figure 64 for the western foundation and Figure 65 for 
the eastern foundation. These data are commensurable with the observed settlement readings ·· that is, they 
show almost instantaneous dissipation just as the settlement readings were almost instantaneous. T -stakes 
placed around the toe of the eastern embankment showed no movement during or after construction. 
The approach pavements at this site were placed in August 1968. Construction of the western 
embankment began January 6, 1967, and was completed July 20, 1967. Approximately two months later, 
pile-end-bent abutments were completed. Thus, this embankment and its foundation had approximately I 
1/2 years to consolidate before the placement of the approach pavements. Construction of the eastern 
embankment began August 2, 1967, anCl was completed October S, 1967. The pile-end-bent abutments 
were completed in November. This embankment and its foundation had approximately a year to 
consolidate before placement of the approach pavements. From observed settlement data and pore pressure 
measurements of the approach foundations, the approach fault should not develop at any of the approach 
pavements as a result of consolidation of the foundation. In fact, considering that both embankments are 
composed mainly of shale and sandstone rock, with the exception of the earth cores, and the amount of 
time involved before placement of the pavements, the approach faults, it would appear, should not develop 
at any of these approaches. Measurements of foundation settlement will continue at this site in order to 
discern the magnitude, if any, of secondary compression. 
164, OWINGSVILLE SLIDE- BATH COUNTY 
After completion of a relatively large embankment between Station 1738+00 and Station 1745+00 on 
I 64 in early 1966, the embankment failed. It was assessed that this slide resulted from a bearing capacity 
failure of foundation material (26). The embankment, located approximately two miles east of Owingsville 
and situated in the Knobs Region of Kentucky, was partly a side-hill type; however, the slope of the 
original ground is quite gentle along the affected portion. From Station 1738+00 to Station 1743+00 the 
slope is downward from right to left on approximately 3:1 to 3.5:1 from a point to the right of the 
embankment to a point beneath the westbound traffic lane; from there to the toe, the slope is about 10:1 
to 12:1; beyond the toe is the level floodplain of Slate Creek. Between Stations 1743+00 and 1745+00 
there is a transitional zone where the side-hill slope of the original ground increases to approximately 2.5: I 
and the embankment height decreases from 45 to 18 feet at the left shoulder. At Station 1745+00 a major 
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pari of the section is in a cut. Remedial action involved placement of a berm embankment at the toe of the 
failed embankment. Cross sections of the original, failed and final embankment configurations at Stations 
1738+00 and 1745+00 are shown in Figure 66. Single-paint, mercury-filled settlement gages and single-tube 
piezometers were installed 180 feet left of centerline at Station 1738+00 and 206 feet left of centerline at 
Station 1741+00 on the berm foundation. 
Subsurface exploration revealed that the foundation consisted of a yellow clay layer, a blue clay layer 
and a wet silty clay layer, which collectively, varied in thickness from 10 to 40 feet. The depth to bedrock 
increased from an average of 20 feet at the centerline to approximately 35 feet at the left shoulder and was 
reasonably uniform in depth to a point beyond the toe of the embankment. Classification and 
consolidation tests showed that the blue clay at Station 1738+00 was organic; however, the extent of this 
organic clay was uncertain. In fact, as shown in Tables I 0 and II, the wide variation of the liquid limits of 
this layer indicate that this layer may be organic only in the vicinity of Station 1738+00. It appears from 
published information that the borings penetrated the upper reaches of the Garrard Siltstone (Ordivician 
age) and that the silt layer overlaying the bedrock is a weathered layer of the siltstone. The elevation of the 
Garrard formation is about 700 feet; whereas borings reached an elevation of 670 feet before encountering 
bedrock. Bedrock appears to steepen downward from an elevation of 700 feet - indicating greater 
susceptibility of the siltstone to erosion or weathering. From elevation 700 feet upward (see Figure 47) the 
rock is the Maysville and Richmond limestones; both are notably rubbly and shaly. These strata are 
probably the parent source of blue clay overlaying the silt. The clays are extremely calcareous or dolomitic, 
and the top layer of silt is quite oily. The valley fill of Slate Creek is relatively flat. 
Originally, it was proposed that this slide could be corrected by loading the toe of the slope of the 
main highway embankment with a berm (to increase the resisting moment) and by installing sand drains 
beneath the berm. Sand drains would accelerate the rate of consolidation under the load of the berm and 
thus increase the shearing resistance of the foundation material. Both consolidated-undrained triaxial tests 
and unconfined compression tests were performed on undisturbed Shelby tube samples so that long-term 
and short-term factors of safety could be determined for different sizes of berms. These data are presented 
in Table 12. Remedial action chosen did not include use of sand drains because, to be effective, the removal 
of a major portion of the existing embankment in order to install the sand drains would have been 
necessary. It was decided that the most economical procedure would be to preclude use of sand drains and 
construct a berm of sufficient dimensions (see Figure 66) to nullify the need of sand drains. However, 
without sand drains, the rate of consolidation of the berm-embankment foundation would not be complete 
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Data Location !Depth I Description I Liquid Optimum (Feet) Limit Moisture 
(Percent) Content 
(Percent) 
STA 1737+50 Silt " " 2, 70 185' LT 0 STA 1739+00 16.3-211. 8 Blue Clay " '" 2,65 " 24.8 24,8-34,1 Silt " '" 2. 70 198'LT, STA 17~0+00 21.7-25.2 Blue Clay " " 2.H 25.2-35.1 Silt " 0 2,a1 203'LT, STA 17H+OO 21>,6-34.2 Silt " " 2,66 20I>'LT 0 STA 1742+00 27.8-30,1 Clay ,. " 2,68 30.1-35.5 Silt " B 2.70 19l'LT0 STA 17113+00 27.3-31.9 Sandy Clay " " 2,69 31,9-39,5 Silt " n 2,68 192 1 LT, STA 17114+00 31,1-41.2 Silt " " 2.12 204 1 LT, STA 17115+00 28,2-33.3 Sandy Clay '" " 2. 70 33.3-37.4 Silt " " 2. 70 2115'LT, STA 17116+00 15.3-16,11 Silt "" " 2. 76 16,4-22,3 Silt " n 2,69 m 15.2 
Table 10. Swnmary of Laboratory Test Data (Division of Materials),! 64 Slide Area, 
Bath Collnty 
L__ .aal;l.On Dry Unit 
Tria.xial T"st Data 
friction Weight Angle 
(Lhs/Cuft) (.!l_egre"a 
175' LT, STA 17111+00 H-2-S-1 
H-2-S-2 
H-2-S-3 
H-2-S-4 
Yellow ClaY 
Yellow ClaY 
Yelle~> Silty Clay 
Moist Blue Silt 
1. Tests on Air Dt"ied Soil 
2, Tests on Oven Dried Soil 
J. Range of Loading-P0 = 1.14 kg/cm2 
11. ~ge of Loading-P0 = 0,36 kg;/cm< 
Pf= 2.61 kg.lcm2 
Pf= 1.89 kg;tcm2 
.. , 
20-22 
25-27 
30-32 
n.2 
28.8 
22.9 
25.4 
2.83 
2, 70 
13.9 
13.6 
"· 26,4 
27.7 
1~. 0 
18, a 
'·" 
12,7 102,0 
100,7 
99,9 
103,1 
98,9 .. ' 102.4 
'·' 101.2 "·' lOll.~ "·" 102.1 99.7 
101,6 
Table II. Swnmary of Laboratory Test Data (Division of Research),! 64 Slide Area, 
Bath County 
27.7 " 25.2 211.9 '·" 26.11 24.5 10.0 1.5 27.0 
23.0 22.5 12.5 
26.0 " 26.1 " 25.1 0 
24.8 " n. 8 0 
25.1 2~. 2 '-" 
1<. 0 1.0 Sl. 5 
24.9 22.2 14,0 
Short Term Effecti-ve.: Stress Ana1vs·is 
Unit Weight I Berm Height Berm Width Factor of Safety Long 'Term V'l Pore Pres~ure Condition 
(Lbs/CuFt) (Feet) (Feet) (Total Stress Analysis) Factor of Safety 
125 30 75 l. 4-5 Pore Pressures Equiva- I 
85 l. 58 5.29 lent To Statio Wa,t~r 
20 78 1. 2 B l. 9 B Table at Ground Sur- i 
10 52 0,99 l. 59 face. 
125 30 85 1. 57 Pore Pressures Equiva-
20 75 l. 21 lent To Static Water 
10 53 0.71 Table 30 Feet Above 
Ground Surface 
135 30 75 1.34 
85 l. 4-7 
20 75 1.08 
I 
lO 53 0,91 
Table 12. Summary of Safety Factors, I 64 Slide Area, Bath County 
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before the pavement was placed. 
Settlement calculations were made for two assumed extreme cases for the berm foundation: I) the 
case of the maximum thickness of the organic blue clay, 180 feet left of centerline at Station 1738+00 and 
2) the case of no organic clay at Station 1741 +00, 206 feet left of centerline. The anticipated settlements 
of the berm foundation for these two cases range from 14 to 7 inches, respectively. Void ratio·log pressure 
and coefficient of consolidation·log pressure curves are presented in the Appendix, Figures A-12 and A-13. 
Predicted and observed time·settlement curves are shown in Figure 67 for the above two cases. These curves 
were calculated by an approximate procedure proposed by Palmer (cf 10). In the first two or three 
hundred days, there was fair agreement between predicted and observed time-settlement relationships. 
However, recent readings indicate that the foundation of the berm has moved upward slightly. Additional 
observed settlement readings and elevation readings are needed to verify this. No conclusion can be made at 
this time in regard to this indicated movement. The maximum observed pore pressures, equivalent to a 
static water table, at Stations 1738+00 and 1741+00 were elevations 699 feet and 703 feet, well below the 
critical elevations of 7220 and 719.5, respectively. 
I 24, EDDY CREEK- LYON COUNTY 
I 24 crosses the Eddy Creek basin in Western Kentucky approximately six miles southeast of Eddyville 
and four miles east of Barkley Lake. Physiographically, the dominant feature of the area surrounding the 
site is Barkley Lake which was formed within the last decade by damming the Cumberland River near 
Gilbertsville. Eddy Creek is situated in the Western Pennyroyal, a division of the Mississipian Plateau, and it 
is a prominent tributary of Barkley Lake. The area -· 'Land between the Lakes' .. positioned to the west of 
the site and Barkley Lake constitutes a transition in geology between Cretaceous and Tertiary sediments o'f 
the Jackson Purchase Region and outcrops of Mississippian limestone of the Western Pennyroyal Region. 
The mildly rolling karst topography of the area lying close to the site is dotted with limestone sinkholes and 
contains small local relief. The landscape reflects intense faulting. Near the basin, the topography is 
moderately rugged and more mature. In 1965 the basin was inudated by impounded waters of Barkley 
Lake. 
In the immediate vicinity of the I 24 crossing, the basin is about 1400 feet wide, extending from 
Station 3681+00 to Station 3695+00, as shown in Figure 68. The depth of water in the basin measures 
eight feet at normal pool elevation, 359 feet. The floor of the basin is level and lies near elevation 351 feet. 
From Station 3682+80 to Station 3680+70 on the north side the original ground line rises gently on a grade 
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of about 13 percent, while on the south side, beginning at Station 3693+25 and ending at Station 3695+50, 
the original ground line slopes moderately on a grade of 16 percent. Prior to the time of inudation by 
waters of Barkley Lake, Eddy Creek carved a channel roughly 80 feet wide, extending from Station 
3693+25 to Station 3686+20, and about 12 feet deep, elevation 339 feet to elevation 351 feet, in the basin 
floor. The foundation of the basin is composed of recent alluvium deposits ranging in thickness from 20 to 
40 feet. 
Proposed construction consisted of an embankment approximately 35 feet high across the lake area 
and twin bridges across the Eddy Creek channel. After studying the site in 1965, the engineering firm 
responsible for fmal plans reported that the total calculated settlement of the foundation under the load of 
the proposed embankment would be on the order of four feet, and at least three years would be required 
for consolidation to reach !00 percent. These values were apparently calculated from classification data and 
Terzaghi and Peck's liquid limit formula ( 4). The firm noted also that, without artificial drainage of the 
foundation, failures of the embankment would be imminent due to excessive pore pressure. Consequently, 
vertical sand drains with a sand blanket and berm embankments for accelerating foundation settlements 
were recommended. Moreover, a controlled rate of loading was specified. 
Design of the embankment and berms, as recommended, is shown in Figures 68 and 69. The berms 
and main embankment were to be constructed of free draining, granular material to a maximum elevation 
of 364 feet, five feet above normal pool elevation. High water level was expected to be about six feet below 
the shoulder. The top portion of the embankment, from elevation 364 feet to grade elevation, was to be 
constructed of unclassified roadway material. 
Vertical sand drains and a sand blanket were desirable from a standpoint of minimizing long-term, 
post-construction settlements. However, from an economical standpoint, the drains were objectionable, 
primarily because they would have to be installed under water. The cost of the drains as determined by the 
Division of Design was in excess of one million dollars. 
In the summer of 1966, the Division of Research was requested by the Divisions of Design and 
Materials to investigate the site and recommend safe construction limitations. The primary objectives of the 
study were to seek a suitable alternate plan of construction which would not require vertical sand drains, 
and to check the adequacy of the foundation to support the proposed embankment without failure or 
excessive, post-construction settlements. 
Although the original schedule of the Eddy Creek project had not specified early construction, the 
Division of Design noted that, if necessary, arrangements would be made to contract this section of I 24 
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well in advance of projects on either end. Following is a discussion of the field and laboratory study of the 
site conducted by Research personnel and the construction of I 24 across the Eddy Creek Basin. 
Shelby tube and split spoon soil samples were ob<ained from five drill holes. Sampling was performed 
with a mobile drill rig mounted on a barge. An inspection of these samples revealed that the upper 40 feet 
of the foundation was composed of wet to saturated, soft, slightly organic silts and clays with some sand, 
apparently in lenses (see Figure 68 and Table 13). Due to the limited number of borings, the horizontal 
extent of the sand lenses could not be determined. The silts and clays were underlain by what appeared to 
be a gravel hardpan having standard penetration values in excess of 100. Natural moisture contents of the 
foundation material ranged between 17 and 63 percent. 
From older to younger, the geological formations near the site are the St. Louis and Ste. Genevieve 
limestones (Meramec Series) of the Mississippian System and loess (Pleistocene Series) and alluvium of the 
Quaternary System (see Figure 70). The five borings apparently penetrated the lower member of the St. 
Louis limestone. 
Unconfined compression tests, consolidated~undrained triaxial tests with pore pressure measurements, 
and one-dimensional consolidation tests were performed on specimens trimmed from Shelby tube samples. 
Fourteen unconfmed compression tests were performed; the unconfined compressive strength data are 
shown in Table 14. The average unconfined compressive strength, neglecting the test on specimen H-5 S·l, 
which was considerably higher than the others, was 5.35 pounds per square inch, an undrained shear 
strength of 384 pounds per square foot. Triaxial test data (CU tests) are presented in Table 14. Sufficient 
tests were performed to define three failure envelopes. Mohr circles and failure envelopes are shown in 
Figure 71. The average effective angle of friction, </Jjs 31: and the average effective cohesion, c, is 120 
pounds per square foot. Fourteen one·dimensional consolidation tests were performed. Void ratio- and 
coefficient of consolidation-log pressure curves are shown in Figure A-14 of the Appendix. 
Stability analyses were made for various conditions of loading and foundation consolidation. Factors 
of safety are shown in Table 15. Shear strength of the embankment was assumed to be equal to that of the 
foundation in all cases. A typical cross-section of the embankment and foundation used in this analysis (and 
the consolidation analysis) is shown in Figure 69. The short-term factor of safety (no consolidation) was 
inadequate for all embankment and berm configurations. However, the long-term factor of safety (complete 
consolidation) approaches 3 for an 18 by 75 foot berm. Inasmuch as the short-term factor of safety for this 
berm is almost adequate (1.03) and the effective stress factor of safety for an average excess pore pressure 
as high as IS pounds per square inch is adequate {1.35), it was concluded that the embankment could be 
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Table 14. Summary of Triaxial and Unconf"med Compression Test Data, 11 
Triaxial Test 
Unconfined Compression Consolidated·Undrained Description of Soil Specimen Failure Consolidation Effective Station Number Sample Depth Visual-Manual Procedure, ASTM Max. Stress Strain Pressure Cohesion Angle of Boring Number (feet) Designation D 2488T (psi) (%) (psi) (psi) (degrees) 
Sta 3684+00. H-3 S·l 7-10 Reddish-tan, saturated, soft, 5.03 
Centerline slightly organic clay 8.42 
S-3 17·20 Red (with gray .sand lenses), 3.77 6.92 
saturated, soft, lensed, organic 
silt 
Sta 3686-tOO, H-5 S-1 8-11 Reddish-brown, saturated, soft, 15.60 
57 feet Left slightly organic silt 
of Centerline S-2 13-16 Reddish-gray,.saturated, soft, 4.51 25.04 
slightly organic silt 10.72 
§ 4.50 
Sta 3688+00, H·2 5·1 10-13 Reddish-brown, saturated, slightly 5m25-40 144 28 Centerline organic clay 
S-2 15-18 Blue-gray, wet, slightly organic 6.40 
clay 
s-3 20-23 Red-dark gray, saturated, dense, 3.46 
lensed, sand 
s-5 34.5-37.5 Dark tan, saturated, soft, sandy 5-25-30-55 216 31 
clay 
Sta 3691-+00, H-4 S-1 8-11 Reddish-brown, saturated, soft, 5-30-55 144 28 50 feet. Right organic clay 
of Centerline S-2 13•16 Tan, wet, soft, sandy clay 5-25-45-65 0 34 s-5 28-31 Blue-gray (with animal shells), 2.49 
wet, soft, slightly organic silt 4.66 28.46 
5.80 11.95 
S-6 33-36 Reddish-tan, saturated, soft, 6.22 16.89 
layered, organic clay 
Sta 3692+00, H-1 S-3 18.5-21.5 Dark gray, saturated, slightly 3.49 
Centerline organic, clay (soft) 
••• :t-24 HOLE 2- SAMPLE 0 ( 30 """"' 
HOU: 2- SAIII'I..E 4 (01{ DEEP) 
- .. ~ •·~n· C •216 PSI 
! 
II! so 
~ 
I·· 
10 
0 
0 10 ., •• .. .. •• 10 .. •• 100 110 
EFFECTIVE NORMAL STRESS (PSI} 
•• ' 1·24 HOLE 2· SAMPLE I (10' ,...., 
HOLE 4· SAMPLE I (If DEEP I 
~ .. r e»·zao• 
C• 144 PSI 
Ill .. .. 
~ 
~ .. 
ill .. 
"' .. 
00 
0 
0 00 •• "" .. .. .. TO •• .. 000 .. 120 
Efl'ECTM! NORMAL STRESS (PSI l .. " t.-24 HOLE 4-!WJIPLE 2 ( 1!' DEEP} 
••34
8 ... C•OPSI 
iii .. 
•• .. 
fll 
~ .. 
I 
! 
i 10 
0 
0 10 .. .. .. 00 .. 70 .. •• 100 110 
EFFECTIVE NORMAL STRESS (PSI) 
Figure 71. Mohr Circles and Failure Envelopes, I 24 over Eddy Creek, Lyon County 
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Table 15. Sununary of Safety Factors, 124 over Eddy Creek, Lyon County 
Unit Weight Berm Width Berm Height Short Term Long Term (lb/ft3) (feet) (feet) Factor of Safety Factor of Safety Pore Pressure Condition 
120 0 0 .75 
120 50 15 .89 
120 75 18 1.03 
~ 120 75 18 2.84 Pore pressure equivalent to 
static water table at 
elevation of berm 
120 75 18 2.37 Pore pressure equivalent to 
static water table 10 feet 
above berm elevation 
120 75 18 1.88 Pore pressure equivalent to 
static water table 20 feet 
above berm elevation 
__] 120 75 18 1.35 Pore pressure equivalent to I 
static water table 30 feet 
above berm elevation .. J 
constructed at a normal rate without sand drains with little risk of failure. 
The calculated, average ultimate settlement was on the order of 16 inches. The degree of consolidation 
as a function of time with and without vertical sand drains is shown in Figure 72 (both curves were 
corrected for an assumed loading period of 100 days). For the case of no sand drains the curve shows that 
50 percent of ultimate settlement would be obtained in 240 days and 90 percent would require about 890 
days. In the case of sand drains spaced IS feet apart, assuming the permeability is the same in all directions, 
that is, CJCh = 1.0, and assuming no smear, 50 percent of ultimate consolidation would be reached in 
about 80 days whereas 90 percent would require 170 days. The desirability of vertical sand drains was thus 
readily apparent. The time required for the embankment to set prior to constructing a permanent 
pavement, in order to keep settlement at the bridge approaches within a tolerable range, was about 4 
months and 20 months, respectively. Therefore, the consolidation analysis indicated that, without sand 
drains, an objectionable amount of settlement would occur if a permanent pavement was constructed 
sooner than about 1.5 years after construction of the embankment. 
Based on the results of the stability and consolidation analyses, the following recommendations were 
made: 
I. The embankment and berms be constructed without sand drains and that piezometers be installed 
along the centerline at about 200 feet spacings. A piezometer reading of IS pounds per square inch on a 
gage at the elevation of the berm, 364 feet, would correspond to a factor of safety of 1.35. This reading was 
considered to be the practical safe limit. 
2. Either no pavement or only a temporary pavement be constructed before the foundation 
consolidation was at least 75 percent completed as indicated by settlement platforms or gages along the 
centerline at 200-foot spacings. 
3. Early construction of the project be specified in order to increase the consolidation period prior to 
paving. 
4. The contractor be prepared, if necessary, to use a controlled loading rate. 
A second alternate construction plan, which did not involve vertical sand drains, consisted of 
displacing, either partially or completely, the soft foundation material with fill material. This plan was 
never formally proposed, but it was considered more economical than sand drains. 
In the later part of April 1967, six settlement platforms were installed by the contractor at the 
following locations (see Figure 68): 
I. Station 3683+50 on centerline, 
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Figure 72. Degree of Consolidation-Time Curves, with and without Vertical Sand Drains, 
I 24 over Eddy Creek, Lyon County 
BOO 900 1000 
2. Station 3688+00, 72 feet left of centerline, 
3. Station 3688+00, 72 feet right of centerline, 
4. Station 3688+00 on centerline, 
5. Station 3691 +00 on centerline, and 
6. Station 3692+00 on centerline. 
These platforms consisted of a three-foot by three-foot steel base and screwed extensions of 2.5-inch 
diameter steel pipe, approximately five feet in length. 
Construction of the approach embankments across the lake area began in the early part of May 1968. 
The first stage of construction involved building the rock fill which formed the outer perimeter of the 
berms (see Figures 68 and 69). The rock fill was located approximately 170 feet right and left of centerline. 
Approximately 56,977 tons of limestone was trucked to the project for this purpose. The operation began 
by dumping rock at the lake edge; this rock was pushed into the lake with a tractor dozer to prepare a rock 
platform of sufficient size one foot above water. Upon completion of the first lift of rock, a second lift of 
rock was immediately started to shape the rock fill according to the typical section shown in Figure 69. 
The second stage of construction consisted of placing 131,731 cubic yards of a mixture of sand and 
gravel fill inside the rock embankment to elevation 364 feet. Approximately 54,847 cubic yards of the 
granular fill was delivered to the site by barges. This material was pumped into the barges from the bed of 
the Tennessee River at a point ten miles from the site. Upon reaching the site, the barges were parked 
parallel to the rock embankment and unloaded by cranes operating from the top of the rock embankment. 
Tractor dozers were used to shape and distribute the material over the area inside the rock embankment. 
The remainder of the granular material was composed of a blend of locally available bank gravel and sand 
with a clay content of less than 10 percent (see Figure 73). 
Four double-tube piezometers were installed at the following locations (see Figure 68): 
I. Station 3683+00 on centerline, piezometer tip at elevation 335 feet, 
2. Station 3688+00 on centerline, piezometer tip at elevation 329 feet, 
3. Station 3690+00 on centerline, piezometer tip at elevation 332 feet, and 
4. Station 3692+00 on centerline, piezometer tip at elevation 329 feet. 
On about October 8, 1968, the top portion of the southern approach embankment was completed, 
but the northern approach embankment was not completed until about December 30, 1968. 
Observed and predicted time-settlement curves, representing about 240 days of settlement 
observations, are shown in Figure 74 for the northern approach foundation and Figures 75 through 79 for 
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Figure 73. A View of the Site after Completing the Second Construction Stage, 
I 24 over Eddy Creek, Lyon County 
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Figure 77. Observed and Predicted Time-Settlement Curves, Station 3691+00, I 24 over Eddy Creek, Lyon County 
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the southern approach fouudation. The predicted curves were corrected for the actual loading period. The 
latest settlement measurements have ranged from seven inches at Station 3683+50 to 18.inches at Stations 
3691+00 and 3692+00. At. Station 3688+00, observed settlements have ranged from 12 inches at centerline 
to 17 inches at a point 72 feet left of centerline. The ultimate predicted settlements for Stations 3683+50 
and 3688+00 were 13 inches and 17 inches, respectively. For Stations 3691+00 and 3692+00, the ultimate 
settlement was predicted to be 20 inches. Hence, there is good agreement between observed and predicted 
ultimate settlements. 
The observed rate of settlement of the foundation proceeded faster than the predicted rate and is 
progressively decreasing. This indicates that excessive pore pressures, which can cause failure, did not build 
up. Rapid pore pressure dissipation is generally confirmed by pore pressure measurements obtained from 
piezometers. These readings show that the water level in the piezometer tubes never rose above the 
elevation of the berm, 364 feet, whereas the critical elevation was 380 feet which corresponded to a factor 
of safety against failure of 1.35. The settlement data indicates that primary consolidation of the foundation 
is nearly complete. 
Apparently the sand lenses encountered during the drilling operation were of a greater horizontal 
extent than assumed in the consolidation analysis. In the analysis, the sand lenses were ignored and assumed 
to have no influence on the rate of settlement (see Figure 79, Case I). However, if it is assumed that a sand 
layer was sandwiched between two clay layers, Case II, Figure 79, then there is a good agreement between 
the observed and predicted rates of settlement. The influence of vertical sand drains, Case Jll, is also shown 
in Figure 79. For this case, which ignored the influence of the sand lenses, there is a good agreement 
between the observed and predicted rates of settlement. 
Based on field and laboratory observations to date and reported herein, failure of the embankment 
and foundation at this site is unlikely, and future foundation settlements will probably not exceed three 
inches. The majority of future foundation settlement will be in the form of secondary consolidation which 
proceeds slowly. However, the foundation will probably be stabilized by the time of paving. Settlement 
measurements obtained from the settlement platforms will continue monthly until it can be ascertained 
that foundation consolidation has ceased. 
120 
CONCLUSIONS AND RECOMMENDATIONS 
CONCLUSIONS 
Based on information compiled from observations of several hundred existing bridge approaches in 
Kentucky, the following conclusions are presented: 
1. Current design and construction techniques have been inadequate for preventing settlement of 
bridge approaches. It was found that half of the observed bridge approaches required 
maintenance. 
2. Results of methods currently used in maintaining a smooth transition between a bridge deck and 
roadway were not always satisfactory. Mudjacking was often detrimental to concrete approaches, 
primarily because this maintenance procedure induced cracking, thereby making the approach 
more susceptible to water infiltration, freezing and thawing, and further deterioration. 
Furthermore, in many cases, mudjacking provided only temporary relief in providing a smooth 
transition between the approach pavement and bridge; the procedure often had to be repeated. 
Patching was generally effective, but this maintenance technique had to be repeated in many 
cases. 
3. Concrete bridge approaches were maintained less frequently than bituminous concrete bridge 
approaches. This implies, perhaps paradoxically, that reinforced concrete approach slabs could be 
a means of providing smooth bridge approaches. 
4. There were implications of a relationship between development of the bridge approach fault and 
different geological and soil conditions. The data show the best bridge approaches, or those 
bridges with the lowest percentage of defective approaches, are located in the Western Coal Field 
physiographical region. The highest percentage of bridge approaches with extreme signs of 
approach settlement occurred in the Knobs and Outer Bluegrass Regions. 
5. The type of abutment employed at any given bridge approach appeared to have a bearing on the 
occurrence of defective bridge approaches. The data imply that bridge approaches constructed 
behind open-column abutments were more susceptible to settlement than approaches constructed 
behind pile-end-bent and stub abutments. Furthermore, as might be anticipated, approaches 
constructed behind stub abutments were less susceptible to settlement than .either those at 
pile-end-bent or open-column abutments. However, there was a large number of defective bridge 
approaches associated with all types of abutments. 
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6. There was evidence that embankments in valleys of major streams have resulted in a much larger 
percentage of defective approaches than approaches involvmg side-hill fills. 
7. There was suggestive evidence that progressive failure, or creep, of the approach may, in some 
cases, be a contributing cause to development of the approach fault. There appears to be·a direct 
relationship between existence of distressed concrete slope protections under bridges and tbe 
settlement of bridge approaches. 
8. Erosion of soil from abutments resulting in a loss of approach subgrade material and support 
appears to be, in a few cases, a factor contributing to development of defective bridge 
approaches. It was noted that approach embankments whlch slope downward and toward the 
abutment have a hlgher percentage of defective pavements than embankments whlch approach 
the bridge on a level grade or sloping downward from the bridge. 
9. There was suggestive evidence that traffic is not a major factor responsible for settlement of 
bridge approaches. 
JO. Backlilling around abutments with a granular material in a manner perscribed by Kentucky 
Drawing SF-I did not arrest the development of faulted approaches. Apparently the approaches 
built in thls manner failed because sufficient time was not allowed for complete consolidation of 
the foundation soil and because soil particles intruded into the voids of the granular backfill, 
resulting in a loss of subgrade support. 
The following conclusions are substantiated by findings amassed from field and laboratory 
investigations of selected bridge sites: 
I. Settlement of the approach foundation can contribute significantly to settlement of bridge 
approaches; the amount contributed is hlghly dependent on the time at whlch the approach 
pavement is constructed during the construction process. Both field and laboratory data show 
that time-settlement characteristics of foundation soils vary greatly. The estimated time for 
consolidation to cease ranged from a few days to approximately ten years; thls was generally 
oonfrrmed by field observations. It is believed that the more typical foundation soils in Kentucky 
require from one to three years for the major portion of consolidation to occur. Measurements 
made to date at three sites show that sufficient time existed for the completion of initial and 
primary consolidation before placement of the approach pavements. However, a more definite 
conclusion that all foundation settlement has occurred (secondary consolidation) must be 
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withheld until further settlement measurements are obtained. This emphasizes the need for 
stabilizing embankment foundations before the approach pavements are placed. This may not be 
practical, in many cases, because of the time element involved. 
2. Settlement of the embankment can contribute significantly to settlement of the approach 
pavements. Data obtained at two sites strongly indicates that, where embankments are composed 
in part or entirely of compressible materials, consolidation of the embankment can contribute to 
approach settlement. Although poor compaction can contribute to approach settlement, there is 
reason to suspect that embankments do detrimentally consolidate even when compacted 
according to specifications. This strongly emphasizes the need for studying the consolidation 
characteristics of embankments. 
3. The analysis procedures and design criteria employed in this study are quite adequate for 
predicting embankment foundation settlements as well as predicting safe construction limitations 
for embankments located on questionable foundations. Data generally show that there was only 
fair agreement between predicted and observed rates of settlement, predicted rates generally 
exceeding observed rates by roughly I 00 percent. However, there was generally good agreement 
between predicted and observed ultimate settlements, with predicted settlements usually 
exceeding observed settlements by roughly 10 percent. Considering limitations of the 
applicability of Terzaghi's theory of consolidation to a wide range of conditions encountered in 
the field and laboratory and that this theory, at best, yields only estimates of ultimate 
settlements and rates of settlement, the above agreements are considered to be good. The above 
discrepancies, it is believed, originate mainly from the fact that I) perfectly undisturbed soil 
specimens cannot be obtained in any practical manner and 2) Terzaghl's theory of consolidation 
is not totally applicable to partially saturated soils, which usually make up a portion of 
embankment foundations. An examination of the void ratio·log pressure curves shown in the 
appendix reveals that these curves usually do not exhibit the distinctive break (note the 
distinctive break in the rebound portion of the void ratio-log pressure curves shown in Figures 
A-5 and A-8) characteristic of perfectly undisturbed samples. Consequently, it is quite difficult to 
locate the actual preconsolidation pressure by Casagrande's method because the point of 
minimum curvature is obscured. 
4. The multiple-point, mercury-filled settlement gage is an excellent tool, when used by trained 
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personnel, for measuring settlements. In addition, since several points of settlement of any given 
approach embankment foundation can be measured per installation, this type of gage will not 
only be economical, but will serve as a most useful tool for future work. The performance of the 
ten mercury-fdled settlement gages is considered to be fairly satisfactory. 
5. At those sites where piezometers were installed, it was observed that with decreasing rates of 
settlements there was a decreasing drop in pore pressures. No attempt was made in this study to 
estimate or predict pore pressures per se and to correlate these values with observed pore 
pressures. The double-tubed type of piezometer is preferred over the single-tubed type, mainly 
because the former can be flushed and the user can be assured that all air bubbles have been 
removed. 
RECOMMENDATIONS 
Specific recommendations for preventing defective bridge approaches must necessarily await the 
further fmdings of this study ·· especially those of Phase Ill. It is estimated that this may require from two 
to four more years of study. However, considering the urgent need for solutions to this problem and in 
order to initiate Phase Ill of this study, the following recommendations, based on partial findings of Phases 
I and II, are put forth for consideration: 
I. Where embankments are located on soft, compressible foundations, some method should be 
employed to eliminate post-construction settlement of the foundation. There are at least four 
general ways this may be accomplished: 
a) Completely, or partially, remove the soft, compressible material and replace with rock, or a 
suitably compacted material, whenever practical. This procedure would not be practical where 
the foundation depth exceeded 10 to IS feet or where the water table was near the ground 
surface. This procedure would probably be most applicable to those situations where stub and 
open-column abutments are used. 
b) Preconsolidate the soft foundation by use of a surcharge fdl. This procedure would be 
effective where the compressible stratum is relatively thin and there is sufficient time available 
for consolidation under the surcharge load. The foundation should be stable against shear failure 
under the surcharge load. 
c) Allow sufficient time for consolidation of the foundation under the load of the planned 
embankment. In many instances, for the case of pile-end-bent abutments, the time between 
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construction of the embankment and approach paving may be sufficient for complete 
consolidation of the foundation; in other instances it may be necessary to extend this time 
period. For the case of the open-column abutments, the embankment should be constructed 
before the abutment in order to allow as much time as possible before the pavement 
construction. 
d) Use vertical sand drains, with or without a surcharge fJ!l, to accelerate foundation settlement. 
This procedure could be used where it has been detennined that it will take many years for the 
foundation to consolidate. 
2. Adequate drainage should be provided at all abutments. Not only would this drain infJ!trating 
water away from the abutment, but it would prevent erosion of material away from the 
abutment and approach. 
3. Longitudinal camber (parabolical curve) of the approaches should be provided. The amount to be 
used at any particular approach would depend on the thicknesses and compressibility of the 
embankment and foundation materials. 
4. The use of a "reinforced, concrete slab would be effective in all cases for minimizing, not 
necessarily eliminating, the approach fault. This method would at least reduce sudden profile 
changes at the ends of bridges. 
The following recommendations are made in regard to future study of the bridge approach problem: 
1. Consolidation characteristics of embankments should be investigated. It is believed that a 
laboratory study could yield useful information in this area. 
2. A follow-up reconnaisance survey should be conducted of the same approaches studied in 1964. 
This survey could reveal if the percentage of defective approaches has increased since 1964, and 
establish the significance of erosion around abutments in relation to approach settlement. 
3. It is recommended that a study be conducted at a few selected existing bridge approaches using a 
Road ProfJ!ometer (developed by General Motors Proving Grounds) to measure the approach 
profJ!es. These profJ!es, coupled with known conditions at each bridge site, might yield valuable 
information which could be used to discern why some approaches settle while others do not . 
. 
4. The effects of vibration and shock induced by traffic, transferred via the bridge and abutment to 
the soil mass, should be studied to detennine if these factors contribute to approach settlement. 
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